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DEVONIAN BRACHIOPODS AND PELECYPODS OF THE BUCHAN 
CAVES LIMESTONE, VICTORIA 

By John A. Talent 
[Read 9 June 1955] 

Abstract 

Brachiopods, pelecypods, sedimentary phases, and paleoecology of the Buchan Caves Lime¬ 
stone and neighbouring equivalent limestones are described. The brachiopods are represented 
by five genera (three new) and ten species (five new). Pelecypods are represented by ten 
genera and twelve species of which seven species are new. 

Table of Contents 

A. Introduction 

B. Neighbouring equivalents 

C. Sedimentary phases 

D. Paleoecology 

E. Description of brachiopods 

F. Description of pelecypods 

G. List of cited localities 

H. Cited literature 

A. Introduction 

The presence of a distinctive assemblage of Devonian volcanics overlain by a 
sequence of richly fossiliferous limestones occurring in the Buchan area of eastern 
Victoria has been recognized since the middle of the nineteenth century. Howitt 
(1876, 1878) was the first to closely investigate this sequence and subdivided it 
into the Snowy River Porphyries and the overlying Buchan limestone. Later (1878) 
he concluded that the upper part of the Snowy River Porphyries should be included 
with the overlying limestones and designated these the Lower and Upper Buchan 
Beds respectively. 

No further significant stratigraphic contribution was made until Teichert mapped 
the Buchan area for the Victorian Mines Department about 1946. He subdivided 
the limestones and calcareous shales into several formations and members; the 
lowest and most persistent formation of up to 800 ft. of limestone he termed the 
Cave Limestone (1948, p. 61). However, the recently set up code of stratigraphic 
nomenclature for Australia requires that the names of formations be compounded 
from a lithologic and a geographic name. A slight amplification of the name to 
Buchan Caves Limestone has been approved by the local stratigraphic committee. 
The Buchan Caves Limestone is well developed in the Buchan Caves Reserve and 
this is obviously the source from which Teichert derived the original name he gave 
to the formation. 

Teichert’s orginal definition is as follows: 

“At the base of the sedimentary series is ... a sequence of tuffs, agglomerates, grits and 
sandstones. . . . They are followed conformably by about 600-700 ft. of limestone for which 
the name Cave Limestone is proposed. This limestone is unfossiliferous (or almost so) in its 
lower part, but becomes increasingly fossiliferous in its upper two-thirds, the most important 
fossils being Campophyllmn recession Hill and Spirifer yassensis de Koninck, with which are 
associated a rich coral fauna and, in the upper third or so, numerous pelecypods (Modiomorpha, 
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Cotiocardiiim, et al.), nautiloids, and ostracodes. . . . The Cave Limestone is overlain by 
a mudstone-limestone series of somewhat complex stratigraphy and up to 1,800 feet thick. 
Immediately overlying the limestone are calcareous mudstones with limestone nodules and 
discontinuous limestone bands, characterized by an abundance of Chonetes australis McCoy.” 

The lower contact of the Buchan Caves Limestone is one of approximate con¬ 
formity with the upper surface of the Snowy River Volcanics. The best section 
illustrating the sequence from Snowy River Volcanics into Buchan Caves Limestone 
is along the west bank of the Murrindal River approximately three-quarters of a 
mile north of the end of Moon’s Road, Buchan, where a thin band of lithified tuff 
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Fic. 1.—Diagrammatic representation of relationship of the Buchan 
Caves Limestone to underlying and overlying formations. 

succeeded by a thin basalt flow rich in magnetite immediately underlies the thin 
basal grit and impure carbonate rocks of the base of the Buchan Caves Limestone. 
The upper contact of the Buchan Caves Limestone is generally sharply delineated 
from the succeeding calcareous mudstones and impure limestones of the Taravale 
Mudstone and Pyramids Mudstone. The relationship of the Buchan Caves Lime¬ 
stone to the succeeding formations is illustrated by Fig. 1. 

Contributions on the paleontology of the Buchan Group have been made by 
^ 937 ^ ? ,U (1950), Teichert and Glenister (1952). and Krommelbein 
Vu ^ , 1 > 1 PP^ r described stromatoporoids from five localities in the Buchan area, 
lhree of her localities (Heath’s quarry, Citadel Rocks, and “near Hicks’”) are 
in the Buchan Caves Limestone. From these localities she described nine* species 
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and two subspecies distributed over four genera. Krommelbein (1954) has described 
fourteen species of ostracodes from the Buchan Caves Limestone. These are dis¬ 
tributed over seven genera. Hill (1950) described three species of tetracorals and 
five species of tabulate corals from the Buchan Caves Limestone. The specimen of 
Pseudatnplexus ? princeps Etheridge she included with this fauna is actually from 
the lower part of the Taravale Mudstone. Favosites pluteus Hill, Gephuropora duni 
Etheridge, Favosites stelliformis (Chapman), and Thamnopora angnlata Hill, 
previously described from higher beds, are now found to occur as well in the Buchan 
Caves Limestone. In addition three new species yet to be described (of Acantho- 
phyllum, Cystiphylloides, and Thamnopora) have been found in the Buchan Caves 
Limestone. Teichert and Glenister (1952) described several nautiloid genera from 
higher beds in the group. Of these genera at least three— Brachydomoceras, 
Macrodomoceras, and Pectinoceras (at Jackson’s Crossing) occur in the Buchan 
Caves Limestone and its equivalents. 

Undescribed groups include foraminifera (particularly in muddy phases), 
receptaculitida (one solitary specimen of Receptaculites from R.S.M. 12), pel- 
matozoa (stem fragments only), bryozoa (Stomatopora and Proboscina at Spooner 
Ck., the Basin), pteropods (Tentacuities at J.C. 27), trilobites (a single phacopid 
pygidium at R.S.M. 78), algae, and gastropods ( Straparolus, cf. Oriostoma, 
Anematina, large Murchisonia, Ostlerina or Strophostylus, indeterminate bellero- 
phontid, and at least two species of Loxonema). 

The Buchan Group has been regarded as Middle Devonian in age ever since 
McCoy (1867) correlated it with the “Devonian limestones of the Eifel”. This 
correlation has been supported by recent work by Ripper (1937), Teichert (1948) 
and Hill (1950). Hill (1950, p. 138) concluded that the coral fauna of the lowest 
formation, the Buchan Caves Limestone, indicated an “horizon somewhere near the 
junction between the Emsian and Couvinian, probably Couvinian”. Corals she 
suggests indicate a Couvinian age (i.e. the Acanthophyllids, Fcn/osites bryani and 
Aulopora conglomerata ) occur low in the formation. And in addition the recog¬ 
nition of Favosites pluteus, Gephuropora duni, and Thamnopora angulata in the 
Buchan Caves Limestone further weighs the balance in favour of Couvinian rather 
than Emsian. The correlative significance of the brachiopod fauna will not be dealt 
with until the brachiopods of the succeeding formations have been described. 

Localities mentioned in the text are located on stratigraphic sections represented 
by the symbol given before the number, and the individual localities specifically 
referred to are listed at the back of this paper. Symbols used with specimen num¬ 
bers are as follows: M.D.V. = Geological Museum of the Mines Department 
of Victoria (collected by Dr. Curt Teichert) ; N.M.V. = National Museum 
of Victoria; M.U.G.D. = Melbourne University Geology Department Museum 
(collected by the author). 

Numerous people have contributed assistance and encouragement during this 
work. Dr. Curt Teichert suggested the study of the brachiopods of the Buchan 
Group and generously made available his collections, unpublished maps, and report 
on the Buchan area. Dr. D. E. Thomas of the Mines Department of Victoria 
arranged for the loan of collections made by Dr. Teichert while employed by that 
department, and arranged for Fig. 2 to be redrawn by the Mines Department. 
Mr. E. D. Gill permitted the author to study the type specimens of Spirifer howitti 
housed in the National Museum of Victoria. The manuscript has been read and 
criticized by Professor E. S. Hills and Dr. O. P. Singleton. Financial assistance 
came from University research grants for 1953 and 1954 and from a Dafydd 


4 


JOHN A. TALENT: 

Lewis Research Scholarship awarded by the Trustees of the Dafydd Lewis Trust. 
Generous hospitality was extended to the author by the McLarty family at Buchan, 
the McRae family at the Basin, and the Hughes family at Butcher’s Ridge. 
Numerous personal friends have given assistance and advice in the field and 
laboratory. To all these people the author extends his sincere thanks. 

B. Neighbouring Equivalents 

The sole contribution of any significance on the neighbouring occurrences of 
Devonian limestone associated with Snowy River Volcanics is that of Howitt (1876 
and 1878). Faunas of the following five occurrences are listed in Table 1, and 
supplementary notes are included below. 

1. GillingaU Limestone 

Howitt (1876 and 1878) was the first to investigate the occurrence of Middle 
Devonian limestone at Gillingall on the upper Buchan River. He published three 
sketch sections through the limestone and neighbouring formations and gave brief 
qualitative descriptions of the sequences on these sections. He recognized the close 
relationship between the faunas of the Gillingall Limestone and those of the lime¬ 
stones at Buchan. No further published work has appeared on this locality. 

The Gillingall Limestone consists of at least 550 feet of generally dark grey 
calcarenite with subordinate calcilutite and dolomite occurring on the upper Buchan 
River about 24 miles by road and 12 miles in a direct line from Buchan. The 
limestone outlier outcrops in the valleys of Woolshed and Fryingpan Creeks. On 
the west the limestone is underlain by the Snowy River Volcanics, and is terminated 
on the east by the Gillingall Fault. Dips are generally of the order of 15° to 25° E. 
and strike is usually about N. 20° E. An abbreviated stratigraphic section on the 
east side of Woolshed Creek opposite the old Gillingall homestead, corresponding to 
Howitt’s sketch section 10 (1878, p. 126), is as follows: 


Section truncated by Gillingall Fault 

21 . Extensively veined stylolitic calcarenite. 9 ' 

20. Moderately fossiliferous dark grey to black calcarenite. 51' 

19. Breviphyllum biostrome. 2 ' 

18. Algal limestone with abundant Anematina . 1 ' 

17. Dark grey calcarenite with occasional Spinella and Breviphyllum 13' 

16. Breznphyllum biostrome. 2' 

15. Alternation of medium to fine-grained calcarenite and calcilutite, variably 
fossiliferous with Spinella, Buchanathyris, Syringopora, Breznphyllum, and 

other fossils.. .... .’ .. 167' 

14. Algal pisolite teeming with Anematina . 2' 

13. Mid grey, poorly fossiliferous calcarenite. 36' 

12. Algal limestone . 2' 

11. Dark-grey virtually unfossiliferous calcarenite. 31' 

10. Pale grey dolomite, calcitic dolomite and dolomitic limestone. 33 ' 

9. Dark grey poorly fossiliferous calcarenite with Spinella, Buchanathyris, 

Syringopora .' 20 ' 

8 . Pale grey calcitic dolomite . * ’ " ’ 4 ' 

7. Yellow and grey generally unfossiliferous calcarenite . 78' 

6 . Silicified rhyolitic tuff . 3 ' 

5. Massive pale grey unfossiliferous calcilutite. 24' 

4. Massive mid grey unfossiliferous dolomite . 26' 

3. Chocolate-brown tuffaceous limestone . 5 ' 

2 . Concealed . ’ ’ * ‘ ‘ ’ jp 

1. Snowy River Volcanics. " " ’ ’" _ 

Total. 540' 























DEVONIAN BRACHIOPODS AND PELECYPODS 

Table 1 


5 



Butcher’s Ridge 

Gillingall 

Mount Murrindal 

The Basin 

Jackson’s Crossing 

A ctinostroma cf. compactum Ripper 

X 





Actinostroma sp. unident. 

X 





Clathrodictyon regulate (Rosen) .. 

X 





Breviphyllum recessum (Hill) 

X 

X 

X 

X 

X 

Acanthophyllum aequiseptatum Hill 


X 



X 

A canthophyllum n. sp. 





X 

Cystiphylloides n. sp. 





X 

cf. Disphyllum speleanum Hill . . 





X 

Metriophyllum sp. indet. 





X 

Aulopora conglomerata Goldfuss 




X 

X 

Favosites pluteus Hill 

X 





Favosites bryani Jones 

X 


X 

X 

X 

Favosites cf. bryani Jones 


X 




Favosites cf. stelliformis (Chapman) 




X 


Gephuropora duni Etheridge 

X 





Roemeria sp. 


X 


X 

X 

Syringopora flaccida Hill 

X 

X 

X 

X 

X 

Thamnopora angulata Hill 

X 





Thamnopora alterivalis (Chapman) 

X 





Stomatopora sp. .. 

X 



X 


Proboscina sp. 




X 


Buchanathyris vuestoni n. gen., n. sp. .. 

X 

X 

X 

X 

X 

Buchanathyris waratahensis n. sp. 

X 




X 

Chonetes australis McCoy 




X 

X 

Chonetes cf. buchanensis Gill 





X 

Chonetes spooneri n. sp. .. 




X 


Spinella buchanensis n. gen., n. sp. 

X 

X 

X 

X 

X 

Conocardiurn howitti n. sp. 

X 





Modiomorpha tenuilineata n. sp. 

X 




X 

Modiomorpha concentrirugosa n. sp. 





X 

Nuculana insolita n. sp. .. 





X 

Schizodus sp. 





X 

A ctinopterella sp. indet. . . 




X 


Anematina sp. 

X 

X 

X 


X 

Bellerophontid indet. 


X 


X 


Loxonema spp. 

X 

X 

X 

X 

X 

Murchisonia sp. .. 

X 





Tentaculites sp. 





X 

Pectinoceras n. sp. 





X 

Other nautiloids . . 

X 

X 


X 

X 

Ostracodes 


X 



X 

Algae 

X 

X 

X 

X 

X 


The close faunal relationship shown by the accompanying table and the almost 
identical succession signifies contemporaneous deposition of the Gillingall and 
Buchan Caves Limestones. 

2. Butcher's Ridge Limestone 

Richly fossiliferous limestone occurs at Butcher’s Ridge on both sides of the 
Gelantipy Road just north of the Butcher’s Ridge Post Office. The best exposures 
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are seen in a gully on the east side of the road, but richly fossiliferous outcrops have 
been exposed in a dozed cutting in Angus Hodge’s paddock on the west side of 
the road. The sequence is fairly similar to those described from other locations but 
is rather thinner than most. Not more than 300 feet of gently dipping limestone 
is present resting conformably on the upper surface of the Snowy River Volcanics. 
The sequence is faulted down on the north against Snowy River Volcanics, and is 
overlain by Tertiary basalt to the south. In the gully on the east side of the 
Gelantipy Road rhyolite and agglomerate of the volcanics are succeeded by a thin 
sequence of unfossiliferous dolomite and dolomitic limestone passing upwards into 
unfossiliferous calcarenite, calcarenite with jasper, and poorly fossiliferous cal- 
carenite containing Spinella and Buchanathyris. Then follows richly fossiliferous 
fine-grained calcarenite with well preserved Breviphyllum recessum and Spinella. 
The sequence then becomes less fossiliferous until faulted out except for a short 
succession where the rock is teeming with Anemqtina and has associated rare 
Murchisonia and Loxonema. 

Stratigraphically the highest and richest locality is in Angus Hodge’s paddock 
near the entrance gate from the Gelantipy Road. This locality has yielded the 
stromatoporoids and tabulate corals listed in the accompanying table. The basal 
dolomitic sequence is thinner here than, for example, at Moon’s Road, further 
south. The brachiopods and pelecypods are generally in an articulated state, and 
the fauna is much more varied than further south in the Buchan Caves Limestone. 

3. Mount Murrindal Outlier 

For convenience, the outlier of limestone occurring on the old Murrindal- 
W Tree track about half a mile south of W Tree Creek bridge has been referred to 
as the Mount Murrindal Outlier. This is quite a normal outlier of Buchan Caves 
Limestone with the usual basal dolomitic sequence passing upwards into mid-grey 
and dark grey calcarenites. The fauna is neither rich nor well preserved, but the 
common forms are the same as those in the Buchan Caves Limestone, and algal 
pisolite, so characteristic of the Buchan Caves Limestone, occurs here. 

4. Basin Limestone 

The approximate extent of the Basin Limestone is given in Fig. 2. The outcrop, 
which was first mentioned by Howitt (1876, p. 204), is in the valleys of Basin and 
Spooner Creeks, and reaches a thickness of about 250 feet. A local occurrence of 
muddy limestone on Spooner Creek is dealt with in detail in the section on sedi¬ 
mentary phases. An abbreviated stratigraphic section up the east side of McRae’s 
Ridge from the contact of the Snowy River Volcanics and the limestone is as 
follows: 


9. Moderately fossiliferous mid grey calcarenites with Spinella, nautiloids, 

Breznphyllum, Favosites .75' 

8. Spinella coquina . 2' 

7. Moderately fossiliferous mid grey calcarenite with Spinella, Favosites, Brevi¬ 
phyllum . 15' 

6. Massive laminated limestone. 4' 

5. Stylolitic calcarenite with occasional Spinella, Loxonema and Favosites .. 38' 

4. Grey calcitic dolomite . 40' 

3. Obscured by Blue Bullock Creek alluvium . 45' 

2. Poor exposures of pink tuffaceous limestone and yellow calcitic dolomite .. 15' 

1. Snowy River Volcanics. — 


Total 


234' 
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Fig. 2. —Reconnaissance map showing the extent of the Jackson’s Crossing Limestone 
and the Basin Limestone. Some of the information is from unpublished work of W. H. 

Ferguson. 
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5. Jackson's Crossing Limestone 

The extent of the Jackson’s Crossing Limestone is shown in Fig. 2. The local 
muddy phase is dealt with in the section on sedimentary phases. This limestone 
has a richer fauna than the Buchan Caves Limestone or any of its equivalents. A 
stratigraphical section from the base of Davidson’s Cliff at Jackson’s Crossing is 
as follows: 


Erosion Surface 

15. Alternation of dark grey to almost black medium-grained calcarenite and 

calcilutite with occasional Spinella, Buchanathyris, Loxoncma, Anematina .. 75' 

14. Black calcilutite with common Spinella, nautiloids, pelecypods including 
Modiomorpha, ostracodes (very abundant in some bands), and occasional 

Buchanathyris .. ., . 65' 

13. Pale grey poorly fossiliferous calcilutite. 3' 

12. Black calcilutite with Spinella and rarer Loxoncma and Buchanathyris, 

occasionally teeming with ostracodes . 90' 

11. Poor outcrops of muddy limestone and ostracodal calcilutite. 38' 

10. Algal pisolite with Anematina . — 

9. Massive, poorly fossiliferous fine-grained calcarenite . 16' 

8. Thin bands of richly fossiliferous limestone alternating with lack of outcrops — 

7. Yellow mudstone exposed only in rabbit burrows. 40' 

6. Richly fossiliferous muddy limestone weathering into rubble on hillside 

(most of faunal list is from here). 20' 

5. Dark grey poorly fossiliferous calcarenite with rare Metricphyllum, Spin¬ 
ella, etc. . 33' 

4. Black calcilutite with abundant Tentaculites . .. .. 2' 

3. Dark grey fine-grained calcarenite with Spinella, Breviphyllum, Faz’osites 

bryani, ostracodes. 74' 

2. Sparingly fossiliferous dark grey calcilutite with Spinella . 30' 

1. Mid grey calcitic dolomite and dolomitic limestone passing vertically into 

poorly fossiliferous mid grey to dark grey calcarenite . 148' 

Total. 634' 


C. Sedimentary Phases 

In the absence of any generally accepted terminology for expressing grain-size 
in carbonate rocks the terms calcarenite, calcilutite, and calcirudite have been used, 
utilizing the figures of 2 mm. and 1/16 mm. for the upper and lower limits of 
calcarenite (lime-sandstone of the English usage). On DeFord’s (1946) scale the 
Buchan calcarenites correspond to his mesograined grain-size, and the calcilutites 
are micrograined and cryptograined. The terms dolomite, calcitic dolomite, and 
dolomitic limestone are used in the sense of Pettijohn (1949). With the exception 
of the basal dolomitic sequence dealt with below at 2, all the succeeding calcarenites 
and calcilutites are limestones (i.e. composed almost entirely of calcite) and this 
fact is implied wherever these terms are used in this paper. 

1. Basal Grits, Impure Limestones, etc. 

1 he basal few feet of the Buchan Caves Limestone provide an excellent illus¬ 
tration of variation in equivalent beds, depending on the local conditions under 
which deposition has occurred. No difficulty is had in delineating the base of the 
Buchan Caves Limestone where it is exposed. In the space of a few feet the 
porphyritic rhyodacite of the Snowy River Volcanics gives way to lithified tuff and 
basalt and the Buchan Caves Limestone commences with a conglomerate, grit or 
muddy limestone. The conglomerates contain pebbles of rhyodacite, tuff and basalt 
(now completely spheroidallv weathered) in a matrix of large quartz grains and 
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clay. The coarse friable grit at the base of the Moon’s Road section (M.Rd. 1) 
shows large subangular quartz grains in a clay matrix. The quartz grains have 
undergone so little rounding that a minimum of transportation is indicated. The 
components of the localized conglomerates, grits and siltstones have clearly been 
derived from the Snowy River Volcanics. 

Other localized components of the basal few feet of the Buchan Caves Limestone 
such as muddy limestones and dolomites, calcareous siltstones and mudstones, 
represent a combination of sediments partly derived from neighbouring terrestrial 
sources, and partly derived by direct chemical precipitation from sea water. Local 
intercalations of tuffaceous material may be found, as for example at Gillingall 
(Gill.3), but these cannot be traced or correlated over any distance. These rare 
intercalcations can generally be described as tuffaceous limestones compounded of 
calcium carbonate and material derived from erosion of previously deposited tuffs. 
True tuffs are extremely rare and insignificant, emphasing the hiatus between the 
volcanic activity and the inception of carbonate sedimentation. There is no transition 
zone as such. 

2. Dolomite and Dolomitic Limestone 

The lower part of the Buchan Caves Limestone is characteristically dolomitic 
wherever it outcrops. The Murrindal River runs approximately along the con¬ 
formable junction of the Buchan Caves Limestone with the underlying Snowy River 
Volcanics so that the basal dolomitic zone can be traced down the Murrindal valley 
from north of Murrindal almost to the Snowy River. Dolomite, equivalent in age, 
occurs at the base of the Gillingall Limestone, the Basin Limestone, the Jackson’s 
Crossing Limestone, and at Mount Murrindal. All these dolomites grade upwards 
through dolomitic limestone into undolomitized fossiliferous mid grey calcarenite. 

These dolomites are light grey to mid grey in colour, and generally vary from 
sublithographic dolomite to the texture of coarse calcarenite. Calcirudite grain size 
is rarely reached, but sugary dolomites with grain size up to 1 mm. in diameter are 
not altogether uncommon. Rarely, pinkish and greenish tints occur in extremely 
fine-grained dolomites breaking with a subconchoidal fracture. Such pink and green 
tints are best seen in the lower part of the Jackson’s Crossing Limestone section at 
Davidson’s Cliff. 

An average sample of mid grey dolomite in thin section shows anhedral crystals 
0 1 to 0 5 mm. in diameter, mutually accommodated along irregular boundaries 
None of the thm sections cut show recognizable traces of fossils, although very rare 
poorly preserved specimens of Spinella, Syringopora flaccida and algae have been 
collected in the basal 50 feet in places. The Spinella shells are occasionally in the 
form of cavities lined by minute calcite crystals, and the Syringopora flaccida colonies 
are generally infilled by very coarsely crystalline calcite. Some beds are characterized 
by leached cavities which have subsequently been partially or completely infilled by 
clear crystalline calcite. These cavities may be up to 3 cm. across but are generally 
about 5 to 10 mm. wide. Their outline is highly variable, often jagged indicating 
that they have not been derived by leaching of fossils. 

Some of the finer-grained dolomites are characteristically laminated the laminae 
being marked by slight differences in texture and colour. For instance’some of the 
dolomite from near the base of the Gillingall Limestone shows broad, pale rather 
poorly defined laminae alternating with finer, darker laminae having a higher’organic 
matter content. G b 
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Fig. 3. — Stratigraphic sections 
of the Buchan Caves Limestone 
along the west bank of the 
Murrindal River showing lith¬ 
ology and occurrence of common 
fossils. Features of note are the 
basal dolomitic sequence, the 
patchy distribution of the algal 
pisolith phase (although more 
common in the south), limitation 
of calcilutite to the upper part 
of the sequence, patchy distribu¬ 
tion of the biostromes, and the 
two distinctive bands of gastro¬ 
pods and entire brachiopods 
infilled by calcite. The Sfnnellas 
are almost omnipresent, corals 
tend to be limited to the cal- 


caremtes lower in the sequence, and ostracodes and pelecypods are more characteristic of the 
calciluntes of the upper part of the formation. The distances apart of the various sections are 
as follows from the most southerly section N. of Moon’s Rd. to the Murrindal sections: 0-3, 
v v W, U /, 0-4 miles respectively. Thickness of sections are on a scale of 1" equals 200'. 
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Cloud and Barnes (1948, p. 92) have suggested that aragonitic muds such as 
those occurring in restricted parts of the Bahamas may be especially susceptible to 
dolomitization. To adduce that the dolomitized rocks of the Buchan Caves Lime¬ 
stone were originally aragonitic muds it must be envisaged that the resultant grain 
size has been enormously increased during dolomitization. This would be feasible 
were it not for the fact that the dolomitic sequence grades vertically into un- 
dolomitized calcarenites of equal or even greater grain size, indicating that if there 
has been a general change in grain size it has not been associated with the process of 
dolomitization. 

The origin of the dolomite is clearly due to diagenetic replacement, for originally 
calcareous shells have been substituted by a crystalline mosaic of dolomite, or have 
been left as leached out cavities. The dolomitized sequence is limited to the base 
of the formation and as a consequence must bear some relationship to the initial 
stages of sedimentation or to the underlying Snowy River Volcanics. The virtual 
cessation of igneous activity before the commencement of sedimentation rules out 
igneous activity as being responsible. The contact between Buchan Caves Limestone 
and Snowy River Volcanics may have provided a favourable surface along which 
magnesium-enriched solutions could permeate the base of the Buchan Caves Lime¬ 
stone and produce a basal dolomitic zone. This interpretation of origin would leave 
the source of these dolomitizing solutions as unknown. The traditional view that 
dolomitization is a process associated with shallow, probably hypersaline, conditions 
agrees well as it is only the initial sediments that have been dolomitized. 

3. Calcarenite ( Lime-Sandstone ) (PI. V, figs. 1 and 2) 

Fine-grained fossiliferous calcarenite is quantitatively the most important single 
sedimentary phase of the Buchan Caves Limestone. By decrease in grain size and 
proportion of detrital calcite the calcarenites pass imperceptibly into calcilutites. 
Increase of algal pisoliths causes lateral change from calcarenite to algal pisolite, 
the proportion of algal pisoliths generally being seen to increase in a southerly 
direction where this change can be observed. The lower sequence of dolomites of 
the Buchan Caves Limestone passes upwards imperceptibly through dolomitic lime¬ 
stone into calcarenite and algal pisolites. 

The most common type of calcarenite consists of a variable amount of dark 
generally well-rounded grains of detrital calcite and bioclastic debris cemented by 
clear calcite. The detrital calcite grains are remarkably uniform in size and round¬ 
ness in some beds but show great variation of shape and size in other beds, indicating 
varying degrees of sorting and abrasion during transport. 

Bioclastic debris is often hard to identify but most commonly consists of broken 
shells of ostracodes, brachiopods, rugose and tabulate corals, and algal colonies. At 
some localities where algae are more frequent the brachiopod shells and fragments 
are often seen to be reticulated by penetrative algae. Minor recognizable contri¬ 
butions are from gastropods (particularly Anematina), crinoids and pelecypods. 
Entire rugose and tabulate corals, stromatoporoids, brachiopods, pelecypods, gastro¬ 
pods, nautiloids, ostracodes and algae (discrete, penetrative and enveloping types) 
occur at various localities. Corals, brachiopods and ostracodes far outweigh all 
other organisms in the proportion of skeletal material contributed. Locally the 
proportion of brachiopod shells becomes so great as to result in coquinoid limestones. 
The brachiopod shells retain their fibrous structure, whereas the shells of gastropods 
(Anematina) have developed a saccharoidal texture from crystallization of anhedral 
calcite grains. 

B 
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The bioclastic debris and detrital calcite are cemented by ragged anhedra of 
clear crystalline calcite or dark, very fine-grained calcite with a high proportion of 
interstitial organic matter. Wherever the calcite cement is coarsely crystalline it is 
often seen to pass laterally into finely felted calcite crystals usually of the order 
of 05 mm. width but sometimes less than 01 mm. wide. By decrease in proportion 
of bioclastic debris and detrital calcite grains and decrease in grain size of interstitial 
calcite the calcarenites pass imperceptibly into calcilutites. It is possible that where 
the interstices have a coarse and fine grade of calcite the coarsely crystalline calcite 
lias been derived by recrystallization of the previously crystallized fine felting of 
calcite crystals. The original material filling the interstices between the bioclastic 
debris, detrital calcite grains and fossils may have been a lime mud or, more 
probably, a very fine lime sand perhaps resembling in grain size the finest interstitial 
material now visible. If recrystallization has occurred it is quite likely that some 
of the almost unfossiliferous calcarenites may have been originally deposited as lime 
muds. The pinkish grey calcarenite at M.Rd. 43 (PI. V, fig. 1) has coarse ragged 
interlocking clear calcite crystals which cannot be of detrital origin and must have 
resulted from recrystallization. 

Non-calcareous components are rather rare and, except for bitumen, have not 
been identified in any of the sections cut. However, solution of calcarenite in dilute 
acid generally leaves a small residue consisting mainly of organic matter and con¬ 
siderably smaller amounts of limonite, tiny ragged sand grains and fine mud. 
Pinkish limestones yield a much greater proportion of limonite, but part of this at 
least is due to concentration in cracks as a result of weathering. The proportion of 
organic matter increases with darkening of colour of the calcarenite. The organic 
matter is mainly carbon, but solution of almost black calcarenites occasionally yields 
an oily scum on the surface from release of interstitial oil by solution of the limestone. 
Minute vughs up to 1 mm. across have been found filled with bituminous material 
which is released on solution of the limestone, and can be dissolved up in mineral 
turpentine. However, the percentage of organic matter was not greater than 0 4 
per cent by weight in the darkest calcarenite so far dissolved up, and most of this 
percentage was due to carbon rather than to hydrocarbon soluble in turpentine. 
Much greater percentages of organic matter are found in some of the black calci¬ 
lutites discussed later. 

4. Coquina and Coquinoid Limestone 

The fossiliferous calcarenites and calcilutites of the Buchan Caves Limestone 
occasionally become so crowded with remains of Spinella that coquinas result. 
Paired valves are very rare and transportation effects may be so pronounced that 
slabs covered by Spinella shells may have over 70 per cent of a particular valve. 
These disarticulated valves often show a strong tendency to preferred orientation 
of their beaks in three directions, mutually at right angles. These results are 
interpreted in the later section on palaeoecology. 

Two particularly distinctive bands of coquinoid limestone composed mainly of 
entire articulated brachiopods ( Buchanathyris and Spinella ) and large gastropods 
(mainly Loxonema ) can be traced for over one mile in the middle Buchan Caves 
Limestone. These bands are seen in the sections as follows: M.Rd. 68 and 64; M.G. 
14 and 16. The paired valves are generally infilled by clear crystalline calcite and 
indicate quieter conditions of sedimentation than were usual during deposition of 
most of the Buchan Caves Limestone. 
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5. Calcilutite ( Lime-Mudstone ) (PI. V, fig. 3) 

Dark grey to almost black calcilutite is the most important sedimentary phase 
of the uppermost third of the Buchan Caves Limestone. The calcilutites are generally 
highly fossiliferous, containing abundant Spinella and ostracodes and less abundant 
pelecypods ( Modiomorpha , Nuculana), nautiloids and gastropods. Corals, stromato- 
poroids, crinoids, and algal pisoliths are notably absent or very rare. Very local 
thin bands have such a high content of organic matter that they correspond to a 
calcareous black shale. Solution of black calcilutite often results in copious evolution 
of hydrogen sulphide and possibly of some gaseous hydrocarbons. Traces of hydro¬ 
carbons have been noted floating on the surface after solution of limestone samples 
in dilute acid and have been recovered in organic solvent. 

Generally the groundmass is so fine-grained that little information can be 
obtained from thin sections. However, abrupt textural changes often occur and 
extremely fine calcilutite may pass abruptly into limestone composed of fragmentary 
ostracode carapaces and Spinella shells cemented by calcilutite. Generally the cal¬ 
cilutites are unlaminated but may occasionally in section show lamination of darker 
and lighter bands, the poorly defined darker bands having a higher percentage of 
organic matter than the lighter bands. 

The calcilutites grade into fine calcarenites occurring at the top of the Buchan 
Caves Limestone. This restricted zone is characterized by an increase in variety 
of life forms. Occasional thin bands of crinoidal limestone and the occurrence of 
rare Conocardimn, trilobite, bryozoan, rhynchonellid and tabulate coral remains 
indicate a reversion to better aerated conditions, particularly in the north of the 
area. 

6. Ostracodal Limestone 

Ostracodes often made significant contributions as rock builders at several 
horizons of the upper part of the Buchan Caves Limestone, particularly in the 
northern part of the area. They occur in various types of matrix but are most 
common and characteristic of black calcilutite. Occasionally ostracodes are so 
common that the rock takes on a friable texture as at Jackson’s Crossing locality 43. 

7. Muddy Limestones and Calcareous Mudstones 

Impure argillaceous limestones and calcareous mudstones are a rare and insig¬ 
nificant sedimentary phase of the Buchan Caves Limestone. Only three occurrences 
of any extent are known in the Buchan and neighbouring areas, and all of these 
are equivalent to some part of the middle of the Buchan Caves Limestone. 

(a) Cameron Mudstone Member. The largest occurrence of muddy limestone 
and calcareous mudstone outcrops in a road cutting on the Buchan-Orbost road on 
the Orbost side of the first hairpin bend approximately one mile east of Back Creek 
bridge (in allot. 25 of D, H. Cameron; County Plan 1920). The underlying mid 
grey to dark grey limestones are richly fossiliferous and stylolitic and contain the 
following fossils; Gephuropora duni, Fcwosites bryam, Breviphyllum recessum, 
Acanthophyllum, Thamnopora angulata, stromatoporoids, Spinella, Buchanathyris 
westoni and large nautiloids up to one foot long. Rarer elements include Loxonema 
and pelmatozoan debris. With increase of argillaceous material the limestone 
becomes full of Chonetes australis with occasional Spinella and rare Buchanathyris 
westoni. The impure limestone passes rapidly into yellowish mudstone with occa¬ 
sional nodular bands and occasional thin bands from which large specimens of 
Spinella, Buchanathyris westoni and Buchanathyris waratahensis can be collected. 
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(b) Spooner Creek (Basin Limestone). A similar occurrence of muddy lime¬ 
stone and yellow calcareous mudstone occurs in the Basin Limestone outcropping 
in Spooner Creek approximately a quarter of a mile downstream from the western 
junction of the Snowy River Volcanics and the Basin Limestone and due south 
from Don McRae’s homestead. The occurrence is more richly fossiliferous than the 
Cameron Mudstone Member of the Buchan Caves Limestone. Chonetes australis 
and Spinella are particularly characteristic, hut other fossils include Chonetes 
spooneri, Buchanathyris westoni, Actinopterella sp.ind., and the bryozoa Stonmto- 
pora and Proboscina. 

(c) Jackson’s Crossing Limestone. Richly fossiliferous muddy limestone occurs 
in the Jackson’s Crossing Limestone at J.C. 32. Fossils weathering out into the soil 
include Spinella, Buchanathyris westoni, B. warataliensis, Chonetes australis, C. 
buchancnsis, Pectinoceras, and Breviphyllum recession. The muddy limestone 
becomes decreasingly fossiliferous as it passes upwards into the yellow mudstone 
at J.C. 34 and the impure limestone at J.C. 35 which weather into surface nodules. 
There is approximately 80 ft. of calcareous mudstone and impure limestone from 
which fossils weather out into the soil. 

8. Algal Pisolite and Algal Limestone (PI. V, fig. 6) 

Undolomitized algal pisolites occur at many horizons of the Buchan Caves 
Limestone, are locally very abundant, and form an appreciable proportion of the 
rock. The individual pisoliths range from 15 to 9 mm. in diameter, the largest 
observed pisolith being 12 mm. across. The pisoliths show considerable variation 
in shape, some being spherical while others may show re-entrants and nodes on 
the surface. 

Pisoliths from the same band are remarkably uniform in size and shape, 
probably as a result of sorting or uniform conditions of growth. The pisoliths are 
characteristically associated with the small narrowly phaneromphalous gastropod 
Anematina. These gastropods average 6 to 7 mm. in length and are the most 
common nuclei of the pisoliths. Less commonly fossil fragments, particularly broken 
pieces of Spinella shells, are found as nuclei, and rare cases have been noted of 
particularly large pisoliths enveloping entire specimens of Buchanathyris. 

Naturally weathered and polished specimens of algal pisolite show pronounced 
concentric structure of the individual pisoliths, but thin sections reveal that each 
pisolith is a composite algal colony showing definite growth zones. This structure 
is unlike that described for the classic dolomitized pisolites of the Guadalupe Moun¬ 
tains reef complex. The concentric structure of these Permian pisoliths is caused 
by minute lighter and darker laminations (0 01 to 0 05 mm. thick) of very fine 
anhedral crystalline dolomite and calcite (Newell et al. 1953, p. 118). The lack of 
definite algal structure has led to considerable disagreement as to origin (e.g. 
Ruedemann, 1929; P’ia, 1940; Johnson, 1942). Dolomitization has evidently 
obliterated practically all semblance of original structure, so that most of the 
arguments advanced were speculative. 

The earliest investigator, Ruedemann (1929, pp. 1079-1080), suggested they 
were remains of “coralline algae’’ because of their “microscopic nature’’. Coralline 
algae have been recognized as present in sectioned pisoliths from the Buchan Caves 
Limestone but none of the pisoliths so far investigated have rhodophyta composing 
the bulk of the pisoliths. The pisoliths consist of irregular dusty “spongy tissue’’ 
perforated by regular tubes infilled by relatively clear calcite and irregular “holes” 
similarly infilled bv calcite. The tubes are of two sizes, the larger having a diameter 
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of 010 to 015 mm., and the smaller a diameter of 0 02 to 0 035 mm. with well- 
defined walls approximately 0 005 mm. and 0 02 mm. thick respectively. The 
irregular holes are without clearly defined boundaries and correspond to parts of 
the algal mass which were uncalcified, the part occupied by calcified algae being 
now seen as the spongy layers of “algal dust”. The “algal dust" is clearly 
differentiated from the coarsely crystalline calcite occupying the space between the 
pisoliths, adding further support to the contention that it is of organic origin. 

Solenoporaceae occasionally contribute to the algal complex of some pisoliths, 
but boundaries with the "algal dust” are rarely clearly defined. Three types of 
solenoporoid algae have been recognized, the most common being a type similar to 
Solenopora centurionis Pia. An uncommon form with cells of polygonal cross- 
section 0 05 mm. across has been observed encrusting part of -the inner walls of 
Anematina specimens forming the nuclei for pisoliths. 

The two sizes of tubes penetrating the "spongy tissue” obviously belong to 
different algae because of their uniformity of size and the fact that algal pisoliths 
often have one or the other and not necessarily both types of tubes. It is interesting 
to note that the sizes of the two types of tubes correspond remarkably well with 
the sizes of tubes of the two algal genera Rothpletcella and IVetherdella found by 
Wood (1949) to occur as symbiotic intergrowths in “ Sphaerocodium” . The major 
difference in the two occurrences is that each of the forms described by Wood 
occurs as a tightly tangled coil enveloping a foreign body. The tubes described 
above may be found as a tightly packed mass or as stray tubes wandering through 
the “spongy tissue”, although the smaller type of tube is more often found in tightly 
packed masses than the larger type. Neither type corresponds to a described form 
of Palaeozoic alga, although the nearest comparison is with the two Silurian forms 
mentioned above. 

The relative proportions of the different types of algae found in any particular 
pisolith are highly variable. The spongy tissue is always present and generally the 
finer of the two series of tubes can be identified, but quite often no trace of the 
larger tubes or the solenoporoid algae can be found. The overall structure resembles 
that frequently described for the hazy and much-abused genus Sphaerocodium 
which, as Wood (1949, p. 21) concludes, is well worthy of suppression as being 
almost meaningless. Chapman (1917; 1920, p. 175) described under the name of 
Sphaerocodium gippslandicum a Devonian form without relation to previously 
described forms referred to “Sphaerocodium”. Examination of Chapman’s figure 
(PI. XVI, fig. 1) reveals that the cells are certainly not "ovoid or short cylindrical” 
as he states but are almost certainly long, slender, of uniform width, and are 
irregular polygonal to hexagonal in cross-section. The section he illustrates is cut 
in such a fashion that it runs generally sub-parallel to the slender slightly sinuous 
cells. This accounts for convergence of walls and his misinterpretation that the 
cells were “ovoid or short cylindrical”. The plane of the section becomes more 
transverse in the lower right-hand corner of the figure, and it is here that the 
polygonal cross-sections are clearly shown. The conclusion to be drawn is that 
Sphaerocodium gippslandicum Chapman belongs to a totally different algal class 
from that to which Chapman would have assigned it. It is a coralline alga and 
should be referred to the genus Solenopora Dybowski, 1877, with which it agrees 
in all aspects except that the cell width (0T5 mm.) is somewhat larger than usual 
for Solenopora, but not abnormally large. 

The proportion of algal pisolite increases southwards from Murrindal as the 
proportion of coralline limestone decreases. The pisolites then fade out again towards 
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East Buchan with the increase of dolomite. The pisolites are generally associated 
with the lime sand (calcarenite) phase and not with the lime mud (calcilutite) 
phase. These facts indicate rather restricted ecological conditions for formation of 
algal pisolites. 

9. Stromatoporoid Bioherms 

Unlike the Murrindal Limestone, the Buchan Caves Limestone is almost devoid 
of biohermal accumulations. Teichert mentions two cases of bioherm-like structures, 
one occurring near the Lane homestead, the other at Heath’s quarry near the 
southern limit of the Buchan Caves Limestone where it is faulted down against 
Lower Devonian sandstones. Of these two occurrences only the latter has been 
investigated in any detail. 

Heath s biohemi probably occurs at the top of the Buchan Caves Limestone 
as it has been mapped by Teichert. It is underlain to the east by almost black 
calcilutite and fine-grained calcarenite bearing Breviphyllum recessum and Spinella 
buchanensis, but is separated from this sequence by a wide zone without outcrops 
and so could possibly belong to the Taravale Mudstone which immediately overlies 
it and outcrops in the road cutting leading from the quarry. The bioherm passes 
rapidly upwards through impure limestone and intercalated shales into the typical 
calcareous shales and mudstones of the Taravale mudstone. These sediments dip 
steeply westwards, the high angle being probably partly due to differential com¬ 
paction of the calcareous muds surrounding the solid bioherm (Terzaghi, 1940). 

Heath s bioherm extends several hundred yards laterally and is composed of 
pale grey undolomitized limestone almost entirely made up of stromatoporoid 
colonies with less significant contributions from rugose and tabulate corals (Acan- 
thophyllum, Xystriphyllion, Fcn’o sites, Gephuropora, and Thantnopora), and algae 
(Solenopora particularly). Interspaces are filled by calcarenite and crinoidal debris. 
Brachiopods, bryozoa, and molluscs are apparently absent from the reef. Stromato- 
poroids far outbulk all other forms and two species of Actinostroma (A. compaction 
and A. stellulatum var. distans) are by far the most important of the stromato- 
poroids. Other less common stromatoporoids include Actinostroma contortion , 
Clathrodictyon regulare, C. conviction, Stromatoporella granulata, Stromatopora 
concentrua, S. collicidata, and Hermatostroma episcopate, the last of these being 
occasionally common in patches. Some patches of limestone are friable and the 
stromatoporoid and algal colonies break out on crumbling in the hand. 

10. Coral Biostromes 

Large coral biostromes are uncommon in the Buchan Caves Limestone, but anv 
complete section through the sequence usually strikes at least one small biostrome 
teeming with Breviphyllum recession corallites and occasional heads of Favosites 
bryani, r pluteus , or Gephuropora duni. Stray biostromal patches in the upper 
part of the sequence are without heads of tabulate corals. Other corals found 
rarely associated with the Breviphyllum biostromes are Disphyllum speleanum and 
Acanthophyllion aequiseptatum. These biostromal patches are usually local develop¬ 
ments in otherwise richly fossiliferous coral horizons. 

11. Laminated Limestones (PI. V, fig. 5) 

Finely laminated limestones have been collected from the Buchan Caves Lime¬ 
stone and all of its neighbouring equivalent formations. Slight colour and textural 
differences causing lamination are frequently overlooked but many examples of 
striking colour and textural differences occur. 
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Some of the pale grey dolomite from near the base of the Gillingall Limestone 
chows pale grey bands up to an inch thick alternating with darker bands composed 
c { numerous fine dark laminations. The colour differences are due to a higher 
proportion of organic matter in the darker bands but no definite explanation can 
Le adduced to explain their origin. 

Excellent examples of laminated limestone have been collected from East Buchan 
(600 yards NNE. of Back Creek bridge, along the Buchan-Orbost road) and from 
Tackson’s Crossing (J.C. 39). Both occurrences show pronounced colour banding, 
the laminae in the latter being an alternation of dark grey with yellow laminae. 
The darker laminae contain abundant small algal pisoliths, the size of individual 
pisoliths varving from band to band but averaging 1 to 2 mm. diameter. Occasional 
larger pisoliths up to 6 mm. diameter may be seen enveloping foreign nuclei. The 
yellow bands consist of much finer flocculent laminae and curve over the larger 
pisoliths of the darker bands. The thickness of light and dark major units are quite 
variable. Graded bedding has not been recognized. All examples of apparent 
graded bedding have been shown on closer investigation to be too flocculent and to 
resemble stromatolite structure too closely to be identified as graded bedding. 

12. Tuffs and Ash Beds (PI. V, fig. 4) 

The quantitative importance of volcanic rocks in the lower part of the Buchan 
Group has been overstressed in the past. True tuffs are very rare, and when they 
do occur they are always confined to the base of the Buchan Caves Limestone. No 
tuffs have been recognized in any of the stratigraphic sections illustrated in Fig. 3 
except for a lithified tuff at the top of the Snowy River Volcanics in the Moon’s 
Rd. section. This tuff was laid down before the inception of carbonate sedimentation. 
Rare tuffs contribute insignificantly in the East Buchan area, and a prominent 3 ft. 
band of silicified rhyolitic tuff outcrops low in the Gillingall Limestone (Gill. 6). 

D. Paleoecology 

In view of the general dearth of useful comparative data on ecology of living 
forms and lack of agreement as to the conditions of deposition of various sediments, 
no extended analysis of the paleoecology can be given. The following notes are 
offered as a tentative reconstruction of some aspects of the environmental history 
of the Buchan Caves Limestone. 

The low proportion of insoluble elastics in an average sample of the Buchan 
Caves Limestone suggests that the carbonates accumulated on a shelf area with a 
neighbouring landmass of subdued relief providing very little insoluble clastic 

material. . . , 

The nature of the faunal succession indicates a gradual increase of basin depth 
from very shallow conditions poorly suited to life to more favourable conditions. 
The basal dolomitic sequence containing very few fossils is succeeded by calcarenites 
having generally poor faunas of rugose and tabulate corals, brachiopods and gastro¬ 
pods. Further up the sequence the faunas become richer and more diversified, the 
calcarenites are succeeded by black calcilutites with high proportion of organic 
matter, the corals disappear, and pelecypods and ostracodes come in. The gastropods 
tend to be thick-shelled and associated with shallow water sedimentary phases such 
as the algal pisolites, whereas the thin-shelled pelecypods tend to be restricted to 
the deeper, more stagnant conditions higher in the sequence. One of these pelecy¬ 
pods, Nuculana, ranges from 80 to 120 fathoms in present seas (Nomura and Hatai, 
1936). 
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There is little evidence to suggest extreme climatic conditions. There is a 
complete absence of glacial phenomena or evaporite deposits. Dolomitization is 
generally associated with warmer conditions, but the process is so imperfectly known 
that temperature inference is unwarranted. The corals include potential bioherm 
building forms, but are unrelated to living corals and cannot be used with certainty 
to indicate warmer conditions. Similarly none of the brachiopods, pelecypods, or 
ostracodes appear to be particularly indicative of climate. 

The limited number of represented classes suggests some degree of abnormal 
salinity. Echinoderms and bryozoa, characteristically stenohaline groups, are almost 
entirely absent. The frequency of beds containing predominantly one species or 
entirely composed of one species (usually Spinella or ostracodes) supports the 
contention of an abnormal salinity. Modern cephalopods are extremely sensitive 
to reduced salinity, so the presence of cephalopods in many horizons of the Buchan 
Caves Limestone indicates that any abnormality of salinity was more likely to be of 
increased rather then decreased salinity. 

Agitation by wave or current action has been a potent agent in the destruction 
of biocoenosis, disrupting the benthos, and scattering and sorting its various com¬ 
ponents throughout most of the sedimentary history of the Buchan Caves Limestone. 
For example, three slabs of black calcilutite from approximately 600 ft. above the 
base of the Buchan Caves Limestone on the ridge two-thirds of a mile south of 
Murrindal gave the following results for shells of Spinella : 


Slab 

No. Pedicle Valves 

No. Brachial Valves 

% Pedicle Valves 

1 

28 

7 

80% 

2 

9 

12 

43% 

3 

6 

2 

75% 


Slab 2, with the lowest degree of sorting, was the only one to show an articulated 
shell. This result is typical of the degree of disarticulation and sorting of Spinella 
valves in the Buchan Caves Limestone. Shells of Modiomorpha and other pelecypods 
(except Conocardiuni) are likewise virtually always found in a disarticulated state 
whereas Buchanathyris shells are usually in an articulated state, testifying to their 
strong, well-locking hinge teeth. Beds composed predominantly of shell detritus 
further emphasize the smashing and abrasion which has gone on. 

Further evidence of current activity is seen in the alignment of linear fossils or 
fragments. On rotation by currents, cylindrical shells are aligned parallel to the 
wave front, whilst conical forms become aligned pointing downstream. The orien¬ 
tation varies with current direction and so can furnish important paleogeographic 
/ C i S qo 7 S discretion - Classic results have been obtained by Ruedemann 

(1897, 1898) on graptolites. Orthoconic cephalopods are so rarely concentrated 
mat no attempt has been made to record their alignments, but the ever-present 
Spinella provided abundant material. The disarticulated valves lie with their body 
cavity downwards and often show a strong tendency to preferred orientation of 
them cardinal margins in two directions and of their beaks in three directions. A 
possible interpretation is that a current impinging on the palintrope would tend to 
orientate the shell so as to align the cardinal margin with the direction of the current, 
so that in effect the beak would point at right angles to the current direction. Shells 
with their beaks pointing in the same direction as the passing current would be 
least affected, so that it would be more likely for shells to have their beaks pointing 
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at right angles to the current direction or in the same direction as the current than 
to be pointing towards it. Interpretation of the rosette (Fig. 4) according to these 
principles implies current action from the west. The pronounced development of 



SPINELLR 


53 Specimens From a Single 
Bed - S.R. 52 (6oo') 


Fig. 4.—Orientation of beaks of 53 specimens of Spinella buchanensis showing preferred 
orientation in three directions. Current action inferred to have come from the west. 
Specimens were collected from 600 ft. above the base of the Buchan Caves Limestone 

at S.R. 52. 

three directional nodes in material so apparently unsatisfactory for alignment sug¬ 
gests that current activity at that particular time was quite strong. 
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Bored shells are extremely rare and very few cases of encrusting forms have 
been noted. Specimens of Spirorbis have been found encrusting Spinella and algae 
and stromatoporoids have been observed completely coating brachiopods (more 
often Buchanathyris than Spinella). Penetrative algae are very common in some 
thin sections containing shells and in places can be seen to have been responsible 
for almost completely consuming a shell now remaining as a ghost completely laced 
by algal threads. 

E. Systematic Description of Brachiopods 

The brachiopod fauna of the Buchan Caves Limestone is of particular interest 
in that it is the typical brachiopod fauna of several other occurrences of Middle 
Devonian rocks associated with the Snowy River Volcanics in eastern Victoria. 
In the Buchan Caves Limestone brachiopods are more common than any other 
group, but are restricted to two common forms, the rest of the described fauna 
being rather rare and mainly restricted to muddy phases. The following forms are 
described: 

Spinella buchanensis buchanensis n.gen., n.sp., n.subsp. 

Spinella buchanensis scissura n.subsp. 

Spinella buchanensis philipi n.subsp. 

Spinella tnaga n.sp. 

Buchanathyris westoni n.gen., n.sp. 

Buchanathyris waratahensis n.sp. 

Howittia hountti (Chapman) n.gen. 

Uncinulus sp.indet. 

Chotietes australis McCoy 

Chonetes teicherti Gill 

Chonetes buchanensis Gill 

Chonetes spooneri n.sp. 

The most common form is Spinella buchanensis buchanensis, which ranges 
through the entire sequence and almost disappears low down in the Pyramids 
Mudstone, the succeeding formation. The only change it exhibits through almost 
800 feet of strata is for an increase in the proportion of forms with more rounded 
and flattened plications over forms with more angular plications. This trend towards 
flattening of plications resulted in a form with the first two plications tending to 
develop a median furrow. This is the subspecies scissura. The subspecies philipi 
is restricted to the muddier phases, while Spinella maga with its numerous fine 
plications has only been found in the upper part of the Buchan Caves Limestone. 

The two species of Buchanathyris are likewise widely distributed through the 
sequence, but B. westoni is always much more common than B. waratahensis which 
tends to be limited to the muddy phases. All four chonetids are virtually limited 
to occurrences of mudstone or muddy limestone and apparently did not show very 
significant changes during the deposition of the sequence. 

In the northern part of the area the last few feet of the formation are charac¬ 
terized by the incoming of Hmvittia hountti making a significant zone of overlap 
with the range of Spinella buchanensis. Howittia hountti extends well up into the 
overlying formations beyond the range of Spinella buchanensis. Associated with 
Howittia hoyitti and Uncinulus sp.indet. are fairly cimmon Chonetes australis 
(rarer lower down). This zone together with the zone of Spinella buchanensis 
scissura are the only fine subdivisions that can be made other than from considera¬ 
tions of lithology, ribbing in Spinella, and the succession of major groups migrating 
into the area. 
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Superfamily Rhynchonellacea 
Family Camarotoechiidae Schubert and Le Vene, 1929 
Genus Uncinulus Bayle, 1878 
Uncinulus sp.ind. 

Description. Shell small, wider and thicker than long, subpentagonal in outline. 
Maximum width located anterior of midlength. Surface costate, with about four 
costae occupying the sinus and about three or four costae on the flanks. Interior 
unknown. Measurements of M.U.G.D. 2227 from R.S.M. 77 are: length 5 7 mm., 
width 7 0 mm., thickness 6 5 mm. 

Discussion. Rhynchonellid brachiopods appear to be absent from the Buchan 
Caves Limestone except for R.S.M. 77 where occasional Uncinulus have been found 
associated with Chonetes, Hounttia and Loxonema. 

Superfamily Spiriferacea- 
Family Spiriferidae King, 1846 
Genus Spinella n.gen. 

Type Species Spinella buchanensis n.gen., n.sp. 

External morphology. Biconvex spiriferoid-shaped shells bearing a strong fold 
and sinus extending from the beak to the anterior margin. Plications strong, simple, 
and numerous. Palintrope high, and divided by a large delthyrium open to the 
apex. Ornamentation of concentric growth lines with superimposed tear or club- 
shaped spine bases not arranged radially or lying on radial costae. 

Internal structure. Pedicle valve with two small teeth supported by strong 
dental lamellae extending for a considerable portion of the length of the valve, and 
having no subdelthyrial plate in the delthyrial cavity. Cardinal process located in 
the V formed by the crural plates uniting in the beak of the brachial valve. Cardinal 
process small, bilobed anteriorly, each lobe being surmounted by a comb of longi¬ 
tudinally aligned thin lamellae. Median septum absent from both valves, or with 
only a faint trace of a median septum in the pedicle valve. Spires consisting of 
about twelve turns in mature specimens, and not joined by jugal processes. 

Discussion. Spinocyrtia Fredericks, 1916, based on Spirijer granulosus Conrad 
as type species, shows some similarity to the new genus. External morphology 
and the characteristic surface ornament of minute tear-shaped granules tend to link 
the two genera, but Spinella does not have its granules aligned on radial costae 
and, more important, lacks the transverse delthyrial plate so characteristic of 
Spinocyrtia. No specimen ground down at the beak showed any trace of such a 
plate, nor, judging by the form of the adventitious calcium carbonate in the delthyrial 
cavity, was such a plate present. As the presence or absence of such a plate is 
of taxonomic importance the Buchan material must necessarily be referred to a 
different but possibly related genus. The European Spinocyrtia ostiolata to which 
the Buchan material was originally assigned by McCoy has a distinct surface 
ornament described by Maillieux (1909, p. 340) as “fines ‘papilles” longitudinales 
ornant les lamelles d’accroissement et apparaissant, quad elles son bien degages 
comme de veritables stries rayonnantes.” 

Mauispirifer Allan, 1947 has a low median septum in the pedicle valve and 
differs externally, particularly in having an ornament of radial threads. Likewise 
Acrospirifer {Spirijer primaezms group), and Paraspirifer {Spirijer cultrijugatus 
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group) can be readily separated on external morphology. Acrospirifcr has strongly 
developed radial ornament and alate form, and Paraspirijer has a very strongly 
carinate fold, correspondingly deep sinus, and surface ornament of undulating lines 
of tiny spines. Hysterolites has shorter dental lamellae in the pedicle valve, a feeble 
septum in the brachial valve extending approximately half the length of the valve, 
and surface ornament of “fines lamelles d’accroissement concentriques imbriquees, 
plus ou moins rapprochees" (Maillieux, 1931, p. 41). Brackyspirifer has strong 
dental lamellae in the pedicle valve, but has a short median septum in the brachial 
valve and surface ornament, described by Maillieux (1936, p. 98) as “nombreuses 
stries concentriques lamelleuses, portant au bord exterieur de nombreuses et fines 
cannelures serrees.” 

Acutatlveca Stainbrook, 1945 differs from Spinella in being of subpyramidal 
shape, having dental lamellae which extend “nearly to hinge-line beneath cardinal 
shelf, but only a short way anteriorly along floor of valve", and having surface 
ornament of faint discontinuous radial ridges. Eosyringothyris Stainbrook, 1943 
has a papillose surface with papillae not arranged in any pattern. However, presence 
of a transverse delthyrial plate allows ready separation from Spinella. 

Eospiriferina Grabau, 1931 has a similar surface ornament to Spinella but 
externally is more comparable with Elytha Fredericks, 1918. Elytha differs from 
Spinella in outline, type of plications, presence of a median septum in the pedicle 
valve and having surface ornament of characteristic double spines. 


Spinella buchanensis n.sp. 

(PI. 1, figs. 1-5; PI. 11, figs. 4-10; Figs. 5-7; Table 2) 

1867 Spirifcra lacvicostata (Valenciennes) McCoy, Ann. Mag. Nat. Hist., series (3), Vol. 

-0, p. 198. (Also published as Intercolonial Exhibition Essavs No. 7, Melbourne, 1867, 

p. 21.) J . ’ 

1876 Spirifera lacvicosta (Val.) McCoy, Prodromus of the Palaeontology of Victoria, decade 
IV, pp. 16-17, PI. XXXV, figs. 2-2b. 

1905 Spirifer yassensis de Koninck, F. Chapman, Proc. Roy. Soc. Vic., Vol. 18 (N.S.), Pt. 1, 
pp. 16-18, PI. V, figs. 2 and 3. 

1914 Spirifer yassensis de Koninck, F. Chapman, Australasian Fossils, Melbourne, Fig. 86 E, 
p. 161. 

External morphology. Medium to large, subequally biconvex, somewhat wider 
than long spiriferoid-shaped shell with non-plicated sinus, and lateral slopes bearing 
11 to 14 strong rounded simple plications separated by more angular grooves, with 
size of plications decreasing towards the cardinal extremities. Hinge line nearly 
equal to the greatest width of the shell. Gerontic specimens occasionally have the 
cardinal extremities constricto-produced, resulting in the hinge line corresponding 
with the line of maximum width. 

Pedicle valve strongly convex with greatest curvature in the umbonal region, 
and arched regularly from the beak to the anterior and lateral margins. Sinus 
broad, extending from the beak to the anterior margin. Floor of sinus generally 
well rounded and non-plicate, but in rare cases bearing a faint trace of a median 
depression. Beak moderately strong, pointed, and slightly incurved. Palintrope 
ig , striated transversely and longitudinally, and slightly to moderately arched. 
A groove runs along the pahntrope near and parallel to the delthyrial margin. 
Delthynum large, higher than wide and open to the apex. 
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Brachial valve moderately arched from the beak to the anterior commissure and 
moderately arched transversely. Fold strongly developed, fairly highly convex and 
clearly limited by angular furrows at the sides. No specimen shows any trace of a 
median depression in the fold. Beak small and incurved. Palintrope very low and 
divided by a broad, low notothyrium. 

Ornamentation of concentric lamellae, feebly marked and irregularly spaced 
until near the anterior margin, there becoming strongly accentuated, particularly in 
gerontic specimens. With the exception of the palintrope, the entire surface is 
covered by closely-spaced tear-shaped spine-bases up to 0 3 mm. long (average 
0 2 mm.) and of width equal to one-third or one-quarter of their length. Better 
preserved material shows these spine bases to have supported spines almost equal 
in height to the length of the spine base. There is no pronounced arrangement of 
the spines in radial lines or on radial costae as in the several species referred to 
Spinocyrtia by Stainbrook (1943). The surface ornament affects only the surface 
and a very limited depth of the shell, so that specimens broken out of hard limestone 
virtually never show evidence of having had a spinose surface. Best material is 
always obtained by weathering out from impure limestones. 

Internal structure. Pedicle valve, with two small teeth supported by two strong 
dental lamellae descending from the sides of the delthyrial opening to the floor of 
the valve, the dental lamellae extending for up to three-quarters the length of the 
pedicle valve, progressively changing their shape and thickness away from the beak 
as illustrated by Fig. 5. A faint trace of a median septum may occur in some 
specimens, but most lack this. No specimen sectioned shows any trace of a transverse 
delthyrial plate as seen in Spinocyrtia. Deposition of calcium carbonate has occurred 
at the posterior end of the pedicle valve with the result that the shell walls and dental 
lamellae appear to be abnormally thickened. Muscular markings indistinct. 

Brachial valve with two elongated well-defined dental sockets which may be 
up to twice the width of the teeth inserted in them from the pedicle valve. Crura 
supported by crural plates inclined towards the median plane, converging towards 
the beak, and uniting there. The space between the crural plates just anterior of 
where they unite serves as foundation for the cardinal process. Cardinal process 
small, consisting of a somewhat irregular plate filling the space between the con¬ 
verging crura, and becoming strongly bilobed anteriorly, each lobe being surmounted 
by a comb of longitudinally aligned thin lamellae (see Fig. 5). Spires in a shell 
42 mm. wide are composed of 12 turns. Primary lamellae are completely devoid 
of jugal processes. No trace of median septum occurs in any specimen of a brachial 
valve examined. The posterior portion of the valve may be slightly thickened by 
adventitious calcium carbonate. Muscular impressions indistinct. 

Measurements. An abundance of well-preserved material suitable for measure¬ 
ment was obtained weathered out from impure limestone outcropping in the road 
cutting on the first U-bend south of Murrindal State School. This is just above 
the base of the Pyramids Mudstone and represents virtually the last of the genus 
Spinella to occur in the Buchan Group. Measurements made are appended as Table 
2 and plotted as Fig. 6. 

Measurements of the holotype (M.U.G.D. 2152) are: length of pedicle valve 
23 4 mm., maximum width 34 8 mm., thickness 22 mm. 

Types. Holotype M.U.G.D. 2152. Paratypes are partly sectioned specimens 
M.U.G.D. 2298, 2299, 2300 and 2301. Measured specimens are M.U.G.D. 2293- 
2299 and 2302-2309. All these specimens came from a road cutting on the Buchan- 
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Fig 5.—A.-L.—Series of 12 successive sections, X 1, through the beak of Spinclla buchancnsis. 
Distances shown are in mm. between each section. M.—Enlargement of cardinal process shown 
m lg. u. N. Section through the beak of Spinocyrtia granulosa from the Moscow Formation. 
Cayuga Lake, New York, showing subdelthyrial plate. O—Diagrammatic representation of 
pedicle pahntrope of Spxnolla showing the division into differently ornamented zones, (c.b. 
crural bases, c.p. cardinal process, d. dental lamellae, pi. subdelthyrial plate, s. sockets.) 
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Gelantipy Road just south of Murrindal State School. Figured specimens M.U.G.D. 
2157 and M.U.G.D. 2158 illustrate the angular ribbed and flatter ribbed types from 
lower down the sequence. 

Discussion. Spinella buchanensis has been previously referred to Spirijer laevi- 
costa (Valenciennes) and Spirijer yassensis de Koninck. Chapman (1905) stressed 
the general dissimilarity between the Buchan material and Spirifer laevicosta from 
the Eifel, and referred it to Spirifer yassensis on gross morphological grounds. 

Since then it has been referred to as Spirijer yassensis and this determination 
has been used to strengthen the correlation of the Buchan sequence with the Middle 
Devonian of New South Wales. 



As the type specimen of Spirifer yassensis has been irredeemably lost, no 
accurate comparison with the original specimen can be made, and until such time 
as a neotype is designated no fine comparisons can be drawn. Specimens of Spirifer 
yassensis available to the author show rather a wide variation, indicating that more 
than one form is represented. Specimens from the “Wallpaper Locality” show a 
marked recapitulation in surface ornament with an overall decay of radial striations 
into the greatly elongated granules described by Allan (1947).' Later stages show 
progressive shortening and increased density of granules so that it is feasible that 
further development in this direction could result in still shorter and more randomly 
distributed granules with the ultimate development of the surface ornament of 
Spinella buchanensis. Specimens of Spinella buchanensis are generally larger and 
proportionately thinner than the specimens of Spirifer yassensis available to the 
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author. It could well be that the specific differences outlined are due to existence 
in different environments or are the expression of geographic isolation, but available 
material show's Spinella buchanensis to be probably more highly advanced than 
“Spirtfer yassensts”. 

Best preserved material has come from the top of the Buchan Caves Limestone 
and the base of the Pyramids Mudstone. Material lower in the sequence shows 
some difference from the type material. Through the sequence there is a general 
increase in size and decrease in angularity of plications. 

Distribution. Spinella buchanensis ranges through the entire Buchan Caves 
Limestone into the lower horizons of the Taravale Mudstone (Pyramids Mudstone 
in the north), where it apparently becomes extinct. 

Spinella buchanensis scissura n.subsp. 

(PI. I, figs. 6 and 7) 

External morphology. Large, subequally biconvex, spiriferoid-shaped shells, 
somewhat wider than long with non-plicated, strong, rounded fold and sinus and 
plicated lateral slopes bearing about 10 or 11 flat-rounded simple plications separated 
by more angular grooves. Plications immediately flanking the fold and sinus have a 
median groove running down the axis of the plication. Successive plications away 
from the fold or sinus show less tendency to medial grooving so that the third 
plication on the pedicle valve or the second plication on the brachial valve and 
successive plications are comparatively flattened but without the medial groove. 
Cardinal extremities somewhat rounded. 

Pedicle valve convex, with maximum curvature in the umbonal region and 
arched regularly from the beak to the anterior and lateral margins. Sinus broad, 
rounded, extending from the beak to the anterior margin and without a median 
depression. Beak strong and moderately strongly incurved. Brachial valve convex 
and moderately arched from the beak to the anterior margin and moderately arched 
transversely. Fold strongly developed, sharply delineated and bearing a median 
depression; generally rounded in younger stages and sub-quadrangular in adult 
specimens. Ornamentation consisting of coarse concentric growth lines mainly 
formed by alignment of the thicker ends of tear-shaped spine bases into concentric 
lines corresponding to positions previously occupied by the commissure. 

Internal structure. Very little is known of the interior of Spinella buchanensis 
scissura because the bulk of available material consists of disarticulated valves. 
However, evidence from fragmentary material shows strong dental plates in the 
pedicle valve and some adventitious material in the pedicle beak. Muscular markings 
unknown. 

Measurements. The holotype is somewhat mashed but has the following measure¬ 
ments: length of pedicle valve 28 6 mm., width 39 mm., thickness 17 8 mm., maxi¬ 
mum width of fold 13 2 mm. 

Type. Holotype M.U.G.D. 2153. 

Discussion. Spinella buchanensis scissura is of considerable stratigraphic value 
at Buchan. Bilobed plication occurs only in forms from a restricted zone in the 
upper part of the Buchan Caves Limestone, although predecessors at lower horizons 
have the flattened plications which in subsequent stages become bilobed. This zone 
has been recognized in the Jackson’s Crossing Limestone at J.C. 46. 
c 
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Spinella buchanensis philipi n.subsp. 

(PI. II, figs. 1-3, 11, 12) 

External morphology. Large, almost equally biconvex, obese, spiriferoid-shaped 
shells with non-plicated, strong, rounded sinus and plicated lateral slopes bearing 
13 to 18 weil-rounded simple plications separated by more angular grooves. Maxi¬ 
mum width occurs at the hinge line. 

Pedicle valve strongly convex with maximum curvature in the umbonal region. 
The non-plicate sinus starts at the beak and extends to the anterior margin. Beak 
moderately strong, pointed and strongly incurved. Palintrope high and striated 
transversely and vertically, the vertical striations being deeply incised. Palintrope 
strongly incurved over a delthyrium which is higher than wide, but smaller than 
in 5'. buchanensis. Brachial valve moderately arched longitudinally and trans¬ 
versely. Fold strongly developed and fairly highly convex. Beak small and incurved 
over a low palintrope. 

Ornamentation of concentric lamellae becoming coarse near the anterior margin. 
With the exception of the palintrope the whole surface is covered by closely-spaced 
tear-shaped or ovate spine bases averaging 0 2 mm. long. Individual spine bases 
are directed radially but may be oblique on the sides of plications, where they may 
tend to mount the plication anteriorly. Spine bases are not arranged in radiating 
lines but generally have their thicker ends aligned in concentric lines corresponding 
to positions occupied by the commissure during growth. This results in what 
appears to the naked eye as irregular rugose growth lines. However, this concentric 
arrangement need not occur over the entire surface but may be lost on the flanks. 

Measurements (mm.). 



Holotype 
M.U.G.D. 2156 

Paratype 
M.U.G.D. 2220 

Paratype 
M.U.G.D. 2221 

Max. width .. 

32-7 

35-3 

35-3 

Length. 

22-8 

25-6 

27-1 

Thickness 

Approx. 24-4 

Approx. 26-8 

26-8 


Discussion and distribution. Spinella buchanensis philipi differs from S', buch¬ 
anensis in the arrangement of spine bases along growth lamellae, the greater obesity, 
and the more strongly incurved beak of the pedicle valve. 

Specimens were obtained weathered out of calcareous mudstone of the Cameron 
Mudstone Member of the Buchan Caves Limestone and from the Spooner Creek 
muddy phase of the Basin Limestone. These occurrences are stratigraphically much 
lower than the type locality for Spinella buchanensis buchanensis at Murrindal and 
correspond to about the middle of the Buchan Caves Limestone. 

Spinella maga n.sp. 

(PI. I, fig- 8) 

External morphology. Moderately large, subequally biconvex, spiriferoid-shaped 
shell with non-plicated, strong, rounded sinus and fold and with plicated lateral 
slopes bearing 18 or 20 simple rounded plications separated by narrower grooves. 
Plications considerably smaller and inserted much earlier than in 5*. buchanensis. 
Hinge line considerably less than the greatest width of the shell. 
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Pedicle valve strongly convex, with greatest curvature in the umbonal region, 
and arched regularly from the beak to the anterior and lateral margins. Sinus 
well-rounded, and commencing at the beak. Beak very strongly incurved, almost 
concealing the palintrope. Brachial valve moderately arched from the beak to the 
anterior and lateral margins. Fold well-defined and devoid of any trace of a median 
depression. Beak strongly incurved, concealing the low palintrope. Ornamentation 
appears to have consisted of occasional concentric lamellae, the entire surface being 
covered by fine granules. 

Measurements. The holotype (M.U.G.D. 2154) has the following dimensions: 
length 23 6 mm., maximum width 28-5 mm., thickness 19-5 mm. 

Discussion. Spinella maga is readily distinguished from Spinella buchanensis 
by the greater number of lateral plications, the strongly incurved pedicle beak, and 
the granular surface ornament. This species is rare and has only been found in the 
uppermost part of the Buchan Caves Limestone. 

Ontogeny of Spinella 

Solution of silicified limestone from the slope west of Fairy Creek, opposite 
the Fairy Cave, about 50 ft. above the creek, yielded a mass of fragments of partly 
silicified shells, including a few almost complete specimens of younger growth 
stages. The material available, when coupled with later growth stages seen in 
ephebic shells, was sufficient to infer the complete ontogeny. 

Description of Specimens (see table of measurements) 

The smallest individual in the collection (M.U.G.D. 2045) represents the species 
in the nepionic stage. The shell is about I T mm. long and 0 65 mm. thick, but the 
cardinal extremities are not preserved, although the shell outline appears to have 
been sub-circular. The pedicle valve has a fairly high palintrope which appears to 
have been almost completely occupied by a large pedicle opening which extended 
into the brachial valve. Both valves are convex, with the pedicle valve slightly more 
convex than the brachial valve. Only the slightest trace of a sinus appears in the 
pedicle valve. 

The smallest well-preserved specimen (M.U.G.D. 2046) measures 15 mm. 
long, 17 mm. wide and 0 9 mm. thick. Hinge line is short and cardinal extremities 
are well rounded. Outline sub-circular, with a faint sinus appearing in the pedicle 
valve. Pedicle opening now almost confined to the pedicle valve. Surface with 
poorly preserved spine bases demonstrating early development of discrete spines. 
Successive stages show an increase in height of the pedicle palintrope resulting in 
cyrtinoid-shaped individuals. This feature is illustrated by M.U.G.D. 20+7, which 
has approximately the same length and breadth as the preceding specimen but has 
a higher pedicle palintrope. Pedicle sinus now more distinct and extending 0 5 mm. 
from the pedicle beak. A corresponding weak plication occurs in the anterior com¬ 
missure and is bounded on each side by a faint plication corresponding to the first 
pedicle-valve plication now commencing insertion. Surface spinose. 

Specimen 4 (M.U.G.D. 2048) is slightly larger than the preceding but represents 
almost the same growth stage. However, it represents the greatest degree of 
cyrtinoid shape assumed during ontogeny and in addition is the smallest specimen 
to show fine growth lines along the anterior margin. Specimen 5 (M.U.G.D. 2049) 
represents the same growth stage as specimen 4. 
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Specimens 6 and 7 (M.U.G.D. 2050 and 2051) have a low rounded plication 
on each side of the median sinus in the pedicle valve. The brachial valve has 
well-defined furrows delineating the median fold, and in addition the first plication 
on either side of the delineating furrow has started to appear. Tiny radially-directed 
spine bases are seen in a few patches. Some of them have their anterior ends aligned 
in a direction which would correspond to the anterior commissure at that stage of 
growth. Specimen 7, being slightly larger than specimen 6, has a better defined 
pedicle sinus and stronger neighbouring plications. 

Specimen 8 (M.U.G.D. 2052) consists of two fragments of an accidentally 
crushed shell originally about 3 2 mm. wide. A large fragment of the pedicle valve 
shows the beak and dental plates intact. The dental plates are strong, moderately 
divergent and 10 mm. in length. A very low median septum extends from the 
beak to beyond the mid point of the pedicle valve. 

Specimen 9 (M.U.G.D. 2053), which is 3 8 mm. wide, has two strong rounded 
plications and two feeble plications on either side of the median fold. The hinge 
line is proportionately longer (2 6 mm.) than in younger specimens but the cardinal 
extremities are still very well rounded. The pedicle valve is still more convex than 
the brachial valve and the palintrope is becoming more strongly delineated. The 
external appearance is reminiscent of some species referred to the genus Elytha. 

Specimen 10 (M.U.G.D. 2054) is unfortunately obscured by a considerable 
amount of adhering silica. It is 4 6 mm. wide and represents the stage where 
insertion of the fifth plication has just commenced. Cardinal extremities are still 
well rounded and the outline is almost the same as specimen 9. 

Specimens 11 and 12 (M.U.G.D. 2055 and 2056) are incomplete brachial valves 
but show spine bases covering the surface. Specimen 11 shows these spine bases 
to be club-shaped, with the thick end pointing anteriorly. 

Spine bases preserved in the centre of the shell measure 0 2 mm. long and 
0 05 mm. wide at the widest point. The spines are not radially aligned and show 
no evidence of development from radial striae. However, the clubbed ends of the 
spine bases tend to be aligned parallel to the anterior commissure, but need not 
necessarily be so. Specimen 11 shows six well-defined plications. 

Specimen 13 is an incomplete pedicle valve showing dental lamellae which are 
much stronger and extend much further (more than half way) along the floor 
of the pedicle valve than in specimen 8. There is no longer any trace of a median 
septum on the floor of the pedicle valve. 

Inferred Ontogeny 

Outline. Throughout life the width is greater than the length, the ratio of length 
to width being 88 in specimens 1 or 2 mm. long and falling off slightly in larger 
specimens. Very young specimens are sub-circular and even in comparatively 
advanced growth stages the cardinal extremities are still well rounded but become 
more acute in ephebic stages. With increased age the cardinal extremities become 
blunter again and may become constricto-produced in gerontic individuals. In most 
stages the width at the hinge is less than the greatest width below. 

Valve convexity. Specimens about 1 mm. long or less have both valves nearly 
equally convex, but the pedicle valve rapidly becomes more convex than the brachial 
and remains so throughout life. A study of Fig. 3 illustrates the change in convexity 
better than a lengthy description. The height of the palintrope is variable (see 
specimens 2 and 3) but increases rapidly in young stages to give a pronounced 



_ 


Fig. 7. —Line drawings of vertical, lateral, and posterior aspects of specimens illustrating the 
ontogeny of Spinella buchanensis . Numbers are those used in the text and Table 2. All illus¬ 
trations are enlarged by 10 except 8, which shows the dental lamellae (d.l.) and the fine median 
septum (m.s.) developed at an early stage. 
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cyrtinoid aspect (e.g., specimens 3 and 5) in individuals about 15 mm. long. The 
height is then three-quarters the length. However, this ratio falls off and the 
cyrtinoid appearance is rapidly lost, although mature specimens continue to have 
an elevated palintrope. 

Plications. Shells less than 0 5 mm. long are completely smooth. At this stage 
an incipient median sinus on the pedicle valve starts to appear. Very soon after 
this a corresponding incipient fold appears on the brachial valve. However, fold 
and sinus are not readily noticeable until the shells reach 1 mm. long. The bounding 
plication on each side of the median sinus appears when the shell is about T5 mm. 
long. The second plication starts to appear when the pedicle valve is about 2 2 mm. 
long. On a pedicle valve 3 2 mm. long there are four plications; 3 8 mm. long, 
five plications; 5 5 mm. long, six plications; 12 mm. long, nine plications; 25 mm. 
long, eleven to fifteen plications. 

Pedicle opening. In very small stages 1 mm. or less in length the pedicle opening 
is shared by both valves, but becomes restricted to the pedicle valve in early neanic 
stages. The triangular delthyrium is bounded by dental lamellae which extend 
further along the floor of the pedicle valve as the age increases. A low median 
septum is found in a specimen 3 2 mm. wide but does not occur in larger specimens. 
This would indicate that either the very low median septum need not occur or that 
it becomes atrophied in later life. 

Microscopic ornament. Very small shells were probably completely smooth, but 
there is an early development of characteristically club-shaped surface spine bases. 
The spines are not derived from radii and bear no resemblance to the surface 
ornament of “Spirifer" yassensis de Koninck. 

Phylogeny of Spinella buchanensis—Inferred from Ontogeny 

If it is assumed that evolutionary history is to some degree recapitulated during 
the ontogeny of brachiopods, several possible suggestions as to phytogeny of Spinella 
buchanensis can be inferred. 

The early development and subsequent modification of a cyrtinoid shape sug¬ 
gests development from a group externally comparable to the genus Cyrtia. An 
early development of surface spines suggests a line of spinose ancestors, the earlier 
members of which were more cyrtinoid in shape than later representatives. With 
increase of number of plications and toss of cyrtinoid appearance the developing 
individual assumes a form very strongly reminiscent of Eospiriferina Grabau. 
Eospiriferina has five or six rounded plications, rounded cardinal extremities, strong 
divergent dental lamellae extending for about a quarter the shell length, a faint 
median septum and very similar surface ornament to Spinella buchanensis. Speci¬ 
men 11 corresponds to the Eospiriferina stage having spine bases with the same 
proportional length to the length of the pedicle valve as those illustrated by Grabau 
(1933, PI. L, figs. 8-10) and in addition showing six plications and the same gross 
characters. Eospiriferina comes from the tower Middle Devonian of China accord¬ 
ing to Grabau and so could be related to Spinella! buchanensis. 

At no stage during ontogeny is there any evidence of forms having radiate surface 
ornament reminiscent of the ornament of " Spirifer” yassensis mentioned by Allen 
(1947, p. 447). Surface granules are never greatly elongated or aligned in radiating 
lines, but nevertheless Spinella buchanensis is quite feasibly a direct descendant of 
" Spirifer” yassetisis derived by decay of radial ornament. 
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Genus Howittia n.gen. 

Type Species Spirifer howitti Chapman, 1905 

External morphology. Subequally biconvex spiriferoid-shaped shell with uni- 
plicate anterior commissure and plicated lateral slopes. Pedicle valve more convex 
than the brachial, with sinus originating at the beak and bearing one to three or 
four simple plications. Delthyrium open to the apex. Brachial valve gently convex 
with bilobed median fold. Palintrope low. Ornamentation of growth lamellae and 
fine papillated radial costellae. 

Internal structure. Dental lamellae fairly strong. Short median septum in pedicle 
valve. Teeth and sockets strong. Cardinal process V-shaped with surface of longi¬ 
tudinally aligned lamellae. Jugum absent. Spires of about ten turns in mature 
specimens. Musculature unknown. Shell substance fibrous and impunctate. 

Discussion. Howittia differs from Spinella, Spinocyrtia, Plectospirifer, Del- 
thyris, Elytha and other genera with non-plicated sinus by bearing plications on 
the sinus. Howittia bears less plications on the sinus than Costispirifer and 
Pintbrispinfer and is nearest in external morphology to some forms referred to 
Tylothyris by Stainbrook (1943), such as Tylothyris rand alia, but lacks the strong 
median septum of Tylothyris, only a low septum being developed in the beak of 
the pedicle valve. Tylothyris North, 1920 lacks plications on the fold and sinus 
and has a strong apical callosity, absent in Howittia. Indospirifer Grabau has 
generally more plications in the sinus and has a fanwise surface ornament which 
may be pustulose. 

Howittia howitti (Chapman), 1905 
(PI. II, figs. 13-17; Fig. 8) 

1905 Spirifer howitti Chapman, Proc. Roy. Soc. Vic., Vol. 18 (N.S.), Pt. 1, pp. 18-19, PI. V, 
figs. 4-6. 

External morphology. Shell moderately large, subequally biconvex spiriferoid- 
shaped, wider than long, with uniplicate anterior commissure. Lateral slopes bearing 
seven or eight strong, sharply rounded, simple, rarely bifurcating plications, the 
size of plications decreasing towards the cardinal extremities. Intervening furrows 
wider than the plications. 

Pedicle valve strongly and regularly convex. Sinus originating at the beak, well 
delineated, strongly developed, extending anteriorly to form a lingual extension 
truncating the opposite fold. Sinus in an adult specimen bearing one to three 
plications lower than those on the lateral slopes, not formed by bifurcation, but 
inserted between the median plication and the plication on either side delineating 
the sinus. Plications in sinus commencing as faint swellings, expanding, and finally 
becoming well defined. Median plication characteristic, but the other two sometimes 
not developed even in large specimens. Slopes gently curved from sinus to cardinal 
extremities, but more strongly curved from back to front, slightly concave on each 
side of the beak. Umbo strongly developed, elevated, projecting beyond the hinge 
line. Beak strong, pointed, and slightly to moderately incurved. Palintrope fairly 
high, moderately arched, striated transversely and longitudinally. Delthyrium large, 
open to the apex. 

Brachial valve gently curved along the midline from umbo to front, more strongly 
so over the beak, gently arched transversely. Fold originating at the beak, sub- 
quadrangular in cross section at first, but soon becoming bilobed, the median groove 
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corresponding to the median groove in the opposite valve. Lateral grooves corres¬ 
ponding to the plications of the sinus occurring on the flanks of the fold. Umbo low, 
gently convex. Beak small, short, strongly incurved. Falintrope low. 

Ornamentation of widely spaced distinct growth lamellae, occasionally strongly 
accentuated, zigzagging up and down plications. With the exception of the palin- 
trope, entire surface covered by numerous minute papillated radial costellae generally 
spaced about 0-1 mm. apart. 

Internal structure. Pedicle valve with two strong teeth supported by fairly well 
developed dental lamellae descending from the sides of the delthyrial opening to 
the floor of the valve, but not extending along the floor beyond the level of the hinge 
line. Short median septum in the beak. Transverse delthyrial plate absent in any 
specimen sectioned. Musculature unknown. 

Brachial valve with two strong dental sockets housing the teeth from the opposite 
valve. Crura supported by crural plates inclined towards the median plane of the 




Fig. 8.—A.-G.—Series of seven successive sections, X 3, through the beak of Hoivittia howitti. 
Distances shown are in mm. between the sections. H.—Enlargement of the cardinal process, 
X 10. (c. crural bases, c.p. cardinal process, d. dental lamellae, m. median septum, s. dental 

sockets.) 
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brachial valve and uniting in the beak, the space between the crura just anterior 
of the point of union serving as location for the cardinal process. Cardinal process 
V-shaped, the entire surface, including the two short anteriorly directed arms, 
being surmounted by a comb of longitudinally aligned thin lamellae (see Fig. 8). 
Spires in a shell 24 mm. wide composed of about ten turns. Primary lamellae 
completely devoid of jugal processes. Muscular impressions unknown. 

Measurements. Chapman (1905, p. 18) gave measurements of three specimens 
from Bindi; the only complete one is given here as No. 4. All three specimens were 
obtained from the base of the Pyramids Mudstone on bend immediately south of 
Murrindal State School. 



1 

2 

3 

4 

Width 

29-5 

22-5 

20-2 

28 

Length ped. valve 

22 2 

approx.16 

113 

21-5 

Thickness 

180 

140 

10-6 

15 5 


Types. Chapman's types are in the National Museum of Victoria. Hypotypes 
are M.U.G.D. 2159, 2160. 

Distribution. Hounttia hozintti occurs at Bindi and Buchan and forms a well- 
marked zone without overlap with the zone of abundant Spinclla buchanensis , 
although Hmcnttia howitti occurs with the last stragglers of the Spinella stock. 

Discussion. Chapman’s original comparison of this species with “Spirifer" 
mucronatus is rather strained as Mucrospirifer mucronatus has a non-plicated 
fold and sinus and has totally different surface ornament. 

Superfamily Rostrospiracea 
Genus Buchanathyris n.gen. 

Type Species Buchanathyris westoni n.sp. 

External morphology. Shell subequally biconvex and sub-rounded in outline. 
Beak small, bearing a circular foramen. Surface ornament of concentric growth 
lines or projecting growth laminae. Pedicle valve occasionally with a shallow 
median sinus. 

Internal structure. Hinge teeth supported by short stout dental lamellae and 
inserted into deep dental sockets. Dorsal beak with a short hinge plate, perforated 
by a foramen immediately inside the beak, and giving rise anteriorly to crural 
processes abruptly recurved and giving rise to a pair of laterally directed spiral 
cones of about twelve turns. Jugum consisting of two limbs rising ventrally, 
uniting, and being produced into a somewhat postero-ventrally directed process. 
Median septum absent from both valves. 

Discussiort. The essential difference between Buchanathyris and related athyroid 
genera is found in the nature of the jugal process. Athyris, Cleiothyridina, and 
Composita have a saddle-shaped median plate from which further processes are 
given off. Buchanathyris lacks such a plate and appears to be more closely com¬ 
parable with Protathyris Kozlowski than with these median-plate-bearing genera. 
Protathyris and Buchanathyris have rather simple jugal process, but the jugum in 
Protathyris bifurcates above the point of union, giving rise to two accessory lamellae 
which recurve dorsally, parallel to the bases of the primary lamellae. The jugum 
of Buchanathyris does not bifurcate but ends as a postero-ventrally directed median 
apophysis. 
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Buchanathyris westoni n.sp. 

External morphology. Small, almost equally biconvex, sub-rounded shell with 
maximum width almost at midlength. Length generally slightly greater than width, 
although occasionally less. Maximum thickness slightly posterior of midlength. 
Anterior commissure generally slightly sinuate but occasionally without a fold. 

Pedicle valve slightly more convex than brachial valve, fairly strongly and 
regularly arched transversely and longitudinally with maximum curvature in the 
umbonal region. A wide, indistinctly defined, shallow sinus generally present, but 
not traceable far towards the umbo. Sinus quite frequently virtually absent. Um¬ 
bonal region prominent. Beak strong, projecting beyond the hinge line, strongly 
incurved, and bearing a circular foramen. 

Brachial valve moderately arched longitudinally and transversely, with maximum 
curvature in the umbonal region, an indistinct fold occasionally occurring near the 
anterior margin. Beak short, blunt, and concealed by the opposite beak. Orna¬ 
mentation generally not seen in specimens broken out of hard limestone. Specimens 
weathered out with fine (rarely coarse) concentric growth lines, usually absent 
from the posterior parts of the shell. 

Internal structure. Pedicle valve with two short strong teeth supported by dental 
lamellae descending and curving outwardly to the floor of the valve. Dental lamellae 
extending posteriorly into the beak and merging into the shell wall, but not extending 
anteriorly beyond the level of the teeth. Muscular impressions poorly defined. 

Brachial valve with no clearly defined cardinal process. Hinge plate short, 
perforated by a large sub-rectangular foramen immediately inside the beak. Dental 
sockets deep. Crural processes thin, curved ventrally and slightly anteriorly, and 
acutely recurved, giving rise to thin lamellae. Lamellae initially directed posteriorly, 
curving ventrally and then running parallel to the floor of the pedicle valve in an 
anterior direction, then giving rise to a pair of laterally directed spiral cones 
consisting of about nine turns in a shell 15 mm. wide. Jugum consisting of two 
limbs attached posteriorly of midlength of that part of the initial turn of each spiral 
paralleling the floor of the brachial valve; limbs of jugum uniting at an acute angle, 
forming a structure V-shaped in horizontal cross-section, and prolonged postero- 
ventrally as a short median apophysis. 

Measurements. Measurements of 75 specimens are plotted as Figs. 10 and 11. 
The material was collected weathered out on a ledge of a prominent river cliff on 
the south side of the Buchan River immediately above the East Buchan overthrust. 

Discussion. Buchanathyris westoni is very similar externally to many Lower 
and Middle Devonian species referred to Athyris. In most cases no information is 
available on these species about internal structure and the assignment to Athyris 
has been made in most cases solely on the basis of external similarity. This is 
unfortunate in that the critical generic characters of athyroid brachiopods are mainly 
confined to the interior of the brachial valve. The nature of hinge plate, jugal 
processes and median septum in the brachial valve are of greater taxonomic 
importance than gross variation of external morphology. 

Types. Holotype M.U.G.D. 2184; paratvpe M.U.G.D. 2312; measured speci¬ 
mens M.U.G.D. 2801-2875 inclusive. 
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Fig. 9 .—Buchanathyris westoni. A.-K.—Series of eleven successive sections, X 5, at right angles 
to the plane of the commissure. L.-T.—Series of nine successive sections, X 3, parallel to the 
plane of the commissure from the brachial to the pedicle valve (dotted lines represent structure 
seen by transparency). U.—Horizontal section through the hinge plate showing the visceral 
foramen. V.—Reconstruction of jugal process. W.—Semi-diagrammatic representation of recon¬ 
structed brachidium, X 3. Distances shown are in mm. between successive sections, (c.r. crural 
processes, d. dental lamellae, f. visceral foramen, h.p. hinge plate, j. jugum, t. teeth.) 
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Fig. 10. — Measurements of 75 specimens of Biuhanathyris zvestoni from the Buchan Caves 
Limestone in a river cliff on the S. side of the Buchan River, immediately above the East Buchan 

Overthrust. 


Buchanathyris waratahensis n.sp. 

(PI. Ill, figs. 5-8) 

External morphology. Small, almost equally biconvex, sub-rounded shell with 
maximum thickness posterior of midlength. Pedicle valve slightly more convex 
than brachial valve and bearing a fairly wide, shallow sinus extending from just 
posterior of midlength to the anterior margin. Beak strong, incurved and bearing 
a circular foramen. Brachial valve weakly arched transversely and longitudinally. 
Fold indistinct. Beak short, blunt, concealed by opposite beak. Ornamentation of 
numerous, regularly spaced, projecting, concentric growth laminae, spaced approxi¬ 
mately 1 mm. apart. 

Internal structure. Unknown but presumed to be comparable to that of Buch¬ 
anathyris westoni. 

Types. Holotype M.U.G.D. 2083 is from the Bell Point Limestone at the north 
end of Bell Point, in the beds immediately underlying the Mictophylluni^Favosites- 
stromatoporoid biostrome. Paratypes are M.U.G.D. 2084 and 2085 from the Jack¬ 
son’s Crossing Limestone at J.C. 32, and M.U.G.D. 2150 and 2151 from the 
Cameron Mudstone member of the Buchan Caves Limestone at East Buchan. 

Measurements. The holotype has the following dimensions: length 14 3 mm., 
width 13 7 mm., thickness 7 5 mm. 
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Fig. 11.—100% three-factor diagram of length, width, and thickness of 75 
specimens of Buchanathyris westoni plotted in Fig. 10. 
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Discussion. Buchanathyris waratahensis is readily distinguished from B. westoni 
by its regularly spaced projecting lamellae. Athyris zonulata Stainbrook has pro¬ 
jecting surface ornament but has a well-delineated fold on the brachial valve and 
is proportionately wider than B. ‘waratahensis. 

Buchanathyris waratahensis is found much less frequently than B. westoni, but 
is found alike in mudstones and limestones at Buchan, Jackson’s Crossing, Tabber- 
abbera, and Waratah Bay. Unlike B. westoni it does not appear to extend above 
the Buchan Caves Limestone into the Taravale Mudstone. 

Superfamily Productacea 
Family Chonetidae Hall and Clarke, 1895 
Genus Chonetes Fischer de Waldheim, 1837 
Chonetes australis McCoy, 1876 
(PI. Ill, figs. 10 and 11; Fig. 12) 

1876 Chonetes australis McCoy, Prodromus of the Palaeontology of Victoria, Decade 4, pp. 
17-18, PI. XXXV, figs. 3-5. 

1951 Chonetes australis McCoy. Gill, Proc. Roy. Soc. Vic., Vol. 63 (N.S.), pp. 64-68, PI. Ill, 
figs. 18-19, 21; Figs. 4-7. 

External morphology. Shell of medium size, wider than long, concavo-convex, 
with hinge line slightly less than greatest width. Cardinal extremities obtuse 
angular. Anterolateral margins well rounded. Pedicle valve moderately and regu¬ 
larly convex, highest near midlength, and sloping evenly to the anterior and lateral 
margins and more rapidly to the hinge line. Median sinus generally absent or only 
incipiently developed near the anterior margin of large specimens. Umbonal region 
moderately convex. Beak small. Cardinal margin sharply defined and bearing four 
or five small, thin, hollow, conical spines approximately 25 mm. wide at the base 
and 2 mm. long on either side of the beak, the spines being attached slightly oblique 
outwards to the cardinal margin. Palintrope low, gradually decreasing in height 
toward the cardinal extremities. Delthyrium triangular and closed by a strongly 
convex pseudodeltidium. Brachial valve moderately concave, deepest near mid¬ 
length and curving upwards evenly to the margins, being somewhat less concave 
in the area enclosed by each cardinal angle. Palintrope approximately one-third as 
high as that of the pedicle valve. Ornamentation of fine rounded costellae increasing 
by bifurcation, about ten costellae occupying a space of 5 mm., except nearest the 
beak, where they are finer. A specimen 15 mm. long (21 mm. along the shell) has 
about 80 costellae around the margin. Lamellose growth lines rare. 

Internal structure. Pedicle valve with moderately developed but strong hinge 
teeth. Median septum short, approximately square in cross-section, commencing 
near the beak and extending approximately 2 mm. along the floor of an adult 
specimen. Muscle scars slightly excavated, tear-shaped, and confined to the posterior 
third of the shell, being approximately 7 mm. long (along the shell) and 4 mm. 
wide at the widest point. 

Brachial vaPce with dental sockets sharply delineated anteriorly by two posterior- 
marginal ridges radiating laterally from the cardinal process, these ridges being 
directed initially at 25° to 30° to the hinge line, then becoming deflected outwards 
sub-parallel to the hinge line, decreasing in angularity away from the dental sockets. 
Two further ridges radiating antero-laterally from the cardinal process at approxi¬ 
mately 65° to the hinge line, the intervening space between these two ridges being 
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Fig. 12 .—Chonetes australis McCoy. Series of nine successive sections, X 10, at right angles 
to the horizontal plane. External costellae omitted, (b.s. brachial median septum, c.p. cardinal 
process, m.s. pedicle median septum, r. radiating papillose costellae, t. teeth.) 
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subdivided by a median septum extending about 8 mm. in a mature specimen and 
reaching its maximum elevation at approximately three-quarters of its length away 
from the posterior margin. Cardinal process bifurcating into two closely approxi¬ 
mated processes, each of which has a weakly bifid extremity. Apices of the four 
interspaces between the five radiating ridges occupied by four narrow tear-shaped 
adductor muscle scars about 15 to 2 mm. long and 6 to 8 mm. maximum width 
in mature specimens. Visceral disc more or less distinct and sometimes delineated 
by a shallow groove. Radiating, angular, papillose costellae, corresponding to 
grooves on the exterior, sometimes present over all the interior, or may be visible 
only on the belt beyond the visceral disc. 

Measurements. An average specimen from Jackson’s Crossing or The Basin 
measure 19 mm. wide, 14 mm. long, 18 mm. along the shell, and 47 mm. high. 

Types. McCoy’s types are apparently stored in the National Museum, but have 
not been located. Gill’s hypotypes are M.D.V. 47639, 47556, 47557, M.U.G.D. 
1984, N.M.V. 1513 and 1222. A slab showing weathered out interiors of brachial 
valves used in the above description is stored as M.U.G.D. 2185. Illustrated speci¬ 
men M.U.G.D. 2183. 

Discussion. Chonetes australis appears to vary in size depending on the nature 
of the enclosing rock. Uniformly small specimens are found in otherwise sparingly 
fossiliferous unctuous black calcilutite nodules of certain horizons of the Pyramids 
Mudstone. C. australis is virtually absent from the purer limestones comprising the 
bulk of the Buchan Caves Limestones. However, rare pockets of C. australis have 
been found from lowest fossiliferous horizons of the Buchan Caves Limestone, 
particularly where local muddy patches occur, through the Pyramids Mudstone 
where it is a characteristic fossil of black calcilutite nodules found on hillsides 
underlain by the Pyramids Mudstone. Largest specimens of C. australis are found 
in yellowish to pale orange calcareous mudstones and muddy limestones of the 
Buchan Caves Limestone and its equivalents, e.g., the mudstone outcropping in the 
road cutting immediately east of the first hairpin bend east of Back Creek bridge. 
C. australis is widely distributed in eastern Victoria, having been collected from 
Bindi, Jackson’s Crossing. The Basin, Butcher’s Ridge, New Guinea Point, 
numerous Buchan Caves Limestone localities, and all over the Pyramids Mudstone 
outcrops. 

Gill’s 1951 description and attempted elucidation of the internal structure of 
C. australis is now seen to be incomplete. The layout of ridges and median septum 
is different from that given by Gill in the description of the interior of an immature 
brachial valve. The median septum is seen to be 8 mm. and not 1 mm. long as he 
states. All four radiating ridges are rather strong and not occurring as traces, the 
anterior pair diverging at not more than 25° to the median septum. Gill, however, 
only mentions two minute feeble ridges diverging at 45° to the median septum. 

Gill’s Fig. 7 implies extension of the median septum of the pedicle valve right 
to the beak with fusion of septum, teeth and palintrope. However, serial sections 
show that the median septum does not commence until almost 1 mm. from the 
pedicle beak, the intervening space between the two teeth being partly filled by the 
cardinal process from the opposite valve. The two teeth end almost at the begin¬ 
ning of the median septum and likewise are not fused to the median septum of 
the pedicle valve. Consequently Gill’s “mechanically sound structure" of a fused 
T-shape of palintrope and septum with teeth fused into the angles does not occur 
in C. australis. 


D 
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Chonetes teicherti Gill 

Chonetes teicherti Gill, 1951, Proc. Roy. Soc. Vic., Vol. 63 (N.S.), pp. 70-71, PI. Ill, figs. 
12-15. 

This species is characteristically associated with Chonetes australis in the lower 
Pyramids Mudstone and is rarely found extending down into the Buchan Caves 
Limestone. Specimens have been collected up to 30 ft. below the top of the Buchan 
Caves Limestone. 


Chonetes spooneri n.sp. 

(PI. Ill, fig. 9) 

External morphology. Shell of large size, slightly wider than long, with hinge 
line apparently less than the greatest width. Cardinal extremities almost certainly 
obtuse. Antero-lateral margins regularly rounded. Pedicle zwlve strongly and 
regularly convex, highest near midlength, and sloping evenly to the anterior and 
lateral margins, and somewhat more rapidly in the region of the beak. Median sinus 
absent. Beak small. Spines unknown. Palintrope not visible but apparently very 
low. Brachial valve strongly and regularly concave, deepest near midlength and 
curving upwards evenly to the margins, being less concave in the area enclosed by 
each cardinal angle. Palintrope not seen. Ornamentation of rounded to subangular 
costellae, increasing by bifurcation, about six costellae occupying a space of 5 mm. 
Growth lines insignificant. 

Internal structure. No substantial part of the interior of a pedicle valve was 
available for study, but an eroded valve shows that if a median septum was present 
it must have been necessarily short. 

Brachial valve with short, deep dental sockets. Two poorly defined ridges 
radiating laterally from the cardinal process at approximately 30° to the hinge line, 
fading out approximately 8 mm. from the beak. Two further low ridges diverging 
posteriorly at 30° to each other (75° to the hinge line) for a distance of approxi¬ 
mately 1 cm. from the beak, beyond this point fading out into the normal internal 
ornament of radiating costellae. These two ridges converge posteriorly, giving 
rise to an openly bilobed cardinal process, the lobes enlarging and converging 
posteriorly, resulting in a posterior surface of cardiform outline vertically grooved 
in the centre and on each lobe. Median groove running down the centre of the 
cardinalia, fading out approximately 5 mm. from the beak and its place being 
taken by a low median septum up to 0 5 mm. high and extending two-thirds of 
the length of the valve, thereafter being no longer distinguishable from the normal 
internal ornament of radiating costellae. Muscle scars poorly defined, but appar¬ 
ently occupying the apices of the four interspaces between the five radiating ridges. 
Two muscle scars occupying the medial interspaces apparently narrow, elongated, 
sub-tear-shaped, about 6 mm. long and 16 mm. at maximum width. Visceral disc 
not defined. Most of the interior covered by radiating papillose costellae correspond¬ 
ing to grooves on the exterior surface. 

Measurements. 

Valve 

Holotype M.U.G.D. 2186 .. Brachial 
Paratype M.U.G.D. 2219 .. Pedicle 


Length 

Width (mm.) Length (mm.) along valve 

(mm.) 

28-5 26 34 

approx. 30 approx. 28 39 
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Discussion. Ckonetes buchanensis Gill from the lower part of the Murrindal 
Limestone is smaller than C. spooneri, tends to have wavy costellae, and has the 
cardinal angles relatively flattened. Unfortunately Gill was unable to describe the 
brachial interior of C. buchanensis so there is no basis for comparison of the critical 
features of the interior of the brachial valve. C. baragwanathi differs in shape and 
detailed structure of the interior of the brachial valve. 

Chonetes buchanensis Gill 

Chonetes buchanensis Gill, 1951, Proc. Roy. Soc. Vic., Vol. 63 (N.S.), pp. 68-70 PI III figs 

17, 20; Fig. 8. 

Fragments of specimens probably referable to Chonetes buchanensis have been 
collected from J.C. 32, but this determination is only provisional because of the 
poor nature of the available material. 

F. Description of Pelecypods 

Pelecypods are a rather subordinate element throughout the Buchan Caves 
Limestone and, except for a few very rare occurrences in the calcarenite phase, are 
limited to the almost black calcilutites characteristic of the upper part of the 
formation and the rare occurrences of mudstone and muddy limestone. The follow¬ 
ing forms have been determined from the calcarenites: 

Cypricardinia multilamellosa n.sp. 

Conocardium hountti n.sp. 

Panenka sp.indet. 

The uppermost 150 or 200 feet of the sequence has a much richer fauna dominated 
by the genus Modiomorpha. The following forms are described: 

Modiomorpha tenuilineata n.sp. 

Modiomorpha concentrirugosa n.sp. 

Nuculana insoiita n.sp. 

Eoschizodus sp. 

Leiopteria buchanensis n.sp. 

Leiopteria. jacksonensis n.sp. 

Aviculopinna sp.indet. 

Conocardium hountti n.sp. 

Comellites sp.indet. 

An indeterminate specimen of Actinopterella has been collected from the muddy 
limestones of the Spooner Creek phase of the Basin Limestone. It is of interest to 
note the wider distribution of the Conocardium than other forms. They are never 
common but occur in calcarenites and calcilutites alike and are virtually always 
found in an articulated state, even when associated fossils are all disarticulated and 
broken and set in a matrix of shell fragments. This supports the contention that 
the genus Conocardium was a burrowing form. Unfortunately all the material was 
preserved in hard limestones and so prevented description of dentitions. 

Family Pterineidae Dali 1913, em. Maillieux, 1931 
Genus Cornellites Williams, 1908 
Cornellites, sp.ind. 

Description. A single fragmentary left valve (M.U.G.D. 2197) with surface 
ornament of numerous sharply delineated subequidistant radial costae separated by 
comparatively wide interspaces and crossed by regularly spaced growth costellae 
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giving a somewhat reticulate appearance to the surface. Shell small, convex, with 
posterior wing fairly large (judging from growth lines on the remaining fragment 
of the posterior wing). Body directed obliquely backward. Umbo not preserved 
but probably markedly convex. Ventral margin with a shallow emargination in the 
posterior wing. Posterior wing possibly produced posteriorly in the vicinity of the 
cardinal margin. Ligament, interior, anterior wing, size of posterior wing, and 
actual size of complete specimen unknown. 

Discussion. The fragment is referred to CorneUites rather than Limoptera 
because of the pronounced oblique nature and the conspicuous separation of the 
posterior wing from the body of the shell. 

The incompleteness of the shell prevents complete specific identification, but it 
appears likely that a complete specimen would be a new species. 

Genus Actinopterella Williams, 1908 
Actinopterella sp.ind. 

(PI. Ill, fig. 13) 

Description. Species known only from a left valve. Left valve with body 
directed obliquely backwards, its greatest thickness just under the beak. Posterior 
wing large, not distinctly separated from the body of the valve, its posterior 
extremity with a wide shallow emargination. Surface of left valve with about 50 
costae on the body of the valve, and about 20 on the posterior wing, costae increasing 
by intercalation. Hinge line straight, almost as long as the shell. Umbo moderately 
large, probably a little elevated above the hinge line. Ventral margin obliquely 
rounded posteriorly, slightly concave in the region of the posterior wing. Ligament, 
muscle scars and teeth unknown. 

Discussion. Unfortunately the only available specimen (M.U.G.D. 2199) does 
not show what type of dentition was present and whether the right valve was convex, 
flat or concave, so that specific and even generic determination must be incomplete. 
Consequently no attempt has been made to erect a new species. The specimen came 
from the Spooner Creek member of the Basin Limestone. 

Family Leiopteriidae Maillieux, 1931 
Genus Leiopteria Hall, 1883 

(For diagnosis see Williams and Breger, 1916, p. 209, or La Rocque, 1950, 

p. 282.) 

Leiopteria jacksonensis n.sp. 

(PI. Ill, fig. 15) 

Description. Body of shell elongated ovoid, oblique at about 70 degrees to the 
hinge line, strongly convex. Umbo near the anterior end but not terminal. Posterior 
wing strongly developed, slightly concave and with a concave posterior margin. 
Anterior wing present, but broken, apparently very small. Ventral margin incurved 
below the anterior wing, obliquely rounded to the region of the posterior wing, 
concave near the posterior wing, ending in a sharp point at the hinge line. Hinge 
line straight posterior to the beak, but unknown anterior to the beak. Posterior 
muscular scar fairly large, subcircular, situated on the body of the shell about half 
way from the beak to the ventral margin. Anterior scar unknown. Dentition 
unknown. Ornamentation of subdued concentric growth lines of unequal thickness. 
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Measurements. The holotype (M.U.G.D. 2195) has the following dimensions: 
length along hinge line 18 mm., height along body 18 mm., thickness of left valve 
4 5 mm. 

Discussion. The holotype, a left valve from J.C. 54, was the only specimen 
available for study. Leiopteria jacksonensis bears no comparison with the form 
referred to Leiopteria cf. oweni Hall by Chapman (1908, p. 49). L. jacksonensis 
has a different shape and surface ornament from L. cornelli Caster, L. pemnsularis 
La Rocque, L. halli Herrick, and L. subplana (Hall). Its shape conforms to that 
of L. lacz’is Hall, L. rafinesquii Hall and L. dekayi Hall, all typical Middle Devonian 
forms from North America (Onondaga to Hamilton). The last two differ in surface 
ornament and inclination of the body to the hinge line. L. laevis has a somewhat 
larger posterior wing and does not appear to have so convex a body in the left valve 
as in L. jacksonensis. The European species can likewise all be separated from 
L. jacksonensis. L. jacksonensis is without the very deep concavity in the posterior 
wing seen in L. crenatolamellosa (G. and F. Sandberger) and has a more strongly 
arched body than L. pseudolaezds (Oehlert), L. globosa Spreistersbach and L. 
kerfomei (Oehlert). L. suberenata (de Koninck), L. concentrica (Roemer) and 
L. pseudolamellosa Mauz can likewise be separated on consideration of surface 
ornament, body convexity, and the shape of the posterior wing. Of all the species 
known to the author the greatest similarity is to Leiopteria laevis Hall from the 
Onondaga and Marcellus of the United States. This comparison lends some support 
to the Middle Devonian age of the Buchan Caves Limestone. 

Leiopteria buchanensis n.sp. 

(PI. Ill, fig. 14; PI. IV, fig. 8) 

Description. Body of shell elongated ovoid, oblique at about 75 degrees to the 
hinge line. Shell large for the genus, biconvex, with left valve more strongly convex 
than the right. Umbo near the anterior wing but not terminal. Posterior wing 
strongly developed, slightly concave and with a very slightly concave posterior 
margin. Anterior wing small. Ventral margin obliquely rounded to the posterior 
wing. Hinge line straight posterior to the beak, but directed slightly downward in 
front of it. Posterior muscular scar faintly visible in a right valve, large, broadly 
oval, situated entirely on the body of the shell approximately half way to the 
ventral margin. Anterior scar and ligament unknown. Dentition unknown. Orna¬ 
mentation of fairly strong concentric growth lines. 

Measurements. All available material is incomplete in varying degrees, so the 
following dimensions of the holotype are somewhat approximate: Length along 
hinge line 40 mm., height 40 mm., thickness of both valves 21 mm., thickness of 
left valve 13 mm. These are rather typical measurements, as all fragments so far 
collected are of the order of 40 mm. in either direction. 

Types. Holotype M.U.G.D. 2191 from R.C.R. 29; paratypes M.U.G.D. 2194, 
2201 from R.C.R. 29 and M.Rd. 92; M.U.G.D. 2193, a right valve, is a figured 
specimen. 

Discussion. Leiopteria buchanensis is rather similar to Leiopteria jacksonensis 
described above. However, most specimens so far collected are much larger (two 
to three times as large), are more subquadrate in appearance, and have the posterior 
wing slightly less sharply delineated from the body. The posterior wing is less 
concave posteriorly and consequently less sharply produced at the hinge line. Com¬ 
parisons given above for L. jacksonensis with European and North American species 
of Leiopteria hold for L. buchanensis. 
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Family Modiolopsidae Fischer em. Dali 
Genus Modiomorpha Hall 
Modiomorpha tenuilineata n.sp. 

(PL IV, figs. 3-6) 

Description. Shell equivalve, or nearly so, longer than wide, directed obliquely 
backward. Hinge line straight, almost as long as the shell. Umbones relatively 
large, distinctly raised above the hinge line, situated within the anterior third of 
the shell, but not terminal; curving slightly forward. Anterior margin evenly 
rounded; posterior margin broadly rounded ventrally and obliquely rounded to the 
hinge line. External ligamental groove elongated. Surface with numerous fine low 
concentric lines, waxing and waning, but generally stronger near the anterior end. 
Occasionally showing a faintest trace of radial ornament. Interior unknown. Shell 
material thin and black. 

Measurements. The holotype has the following dimensions: Inferred length 
34 mm., height 19 3 mm., thickness 14 7 mm. A right valve paratype has a length 
of 34 mm. and a height of 17 5 mm. 

Types. Holotype M.U.G.D. 2188 from M.G. 26; paratypes M.U.G.D. 2189 
from J.C. 55; 2203, 2204 and 2205 from J.C. 56. 

Discussion. Modiomorpha tenuilineata is erected for the smoother types of 
Modiomorpha characteristic of the upper part of the Buchan Caves Limestone. 
M. coticentrirugosa described below covers generally larger forms with concentric 
rugae. 

Modiomorpha concentrirugosa n.sp. 

(PI. IV, figs. 1, 2) 

Description. Shell subequivalve, longer than wide, directed obliquely backward. 
Hinge line long, straight. Umbones raised above the hinge line, situated within the 
anterior third of the shell. Anterior margin evenly rounded; posterior margin 
straight to slightly concave ventrally, broadly rounded posteriorly. Ligament 
not seen on any available material. Anterior muscular scar small, almost round; 
posterior scar larger, shallow, sub-rounded, situated near the posterior margin. 
Dentition unknown. Surface ornamented by waxing and waning concentric rugae 
more strongly pronounced at the anterior end. 

Measurements. The holotype has the following dimensions: Inferred length 
45 mm., height 22 mm., inferred thickness 20 mm. 

Types. Holotype M.U.G.D. 2187; paratypes M.U.G.D. 2209 and 2210 from 
R.S.M. 67; 2211, 2212 and 2213 from S.R. 51; M.U.G.D. 2214 and 2215 from 
R.S.M. 69. 

Family Ledidae Adams 

Genus Nuculana Link, 1807 (— Leda Schumacher, 1817) 

Nuculana insolita n.sp. 

(PI. IV, fig. 9) 

Description. Nuculoid pelecypod of moderate size with extended posterior mar¬ 
gin. Cardinal margin strongly rounded anteriorly and continuous with the anterior 
margin; anterior margin curving evenly to give a gently convex ventral margin. 
Cardinal margin concave posteriorly and continuous with the extended upwardly 
deflected posterior margin. Posterior margin gaping at its truncated termination. 
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Beaks small, posteriorly directed. Posterior umbonal ridge concave upwards. Sur¬ 
face apparently smooth. Escutcheon elongate. Musculature imperfectly preserved. 
A slight change in proportional length occurring during growth, youthful stages 
being relatively shorter than adult specimens. Posterior siphonal portion of shell 
proportionately more slender in adults than in juveniles. 

Measurements. The holotype has the following dimensions: Length 18'8 mm., 
height 8 mm.; thickness of both valves would be about 4 5 or 5 mm. 

Type. Holotype M.U.G.D. 2192 from R.S.M. 67. 

Discussion. Nuculana insolita differs from the other representatives of this 
long ranging genus in the virtual absence of concentric growth striations and in 
the shape of the posterior siphonal portion of the shell. Next to the species of 
Modiomorpha, N. insolita is the most common pelecypod of the upper Buchan Caves 
Limestone. 

Family Pinnidae Gray 
Genus Aviculopinna Meek, 1864 
Aviculopinna sp.indet. 

(Fig. 13) 

A fragmentary left valve (M.U.G.D. 2198) from R.S.M. 66 apparently belongs 
to Aviculopinna. Shell greatly elongated, acutely triangular, with a long hinge line. 
Surface marked by strong, regular, concentric growth lines. Beak inferred to be 



Fig. 13 . — Aviculopinna sp.indet. Draw¬ 
ing of M.U.G.D. 2198 from R.S.M. 66. 


almost terminal. Ventral margin almost straight but very slightly convex; posterior 
margin broadly rounded and meeting the hinge line almost at a right angle. 

This appears to be the only pre-Carboniferous record of Aviculopinna or any 
closely allied form with this type of surface ornament. Palaeopinna Hall from the 
Devonian has radiating surface ornament. 

Family Myophoriidae 
Genus Eoschizodus Cox, 1951 
Eoschizodus sp.indet. 

(Fig. 14) 

Description. Medium-sized trigonal shell of moderate convexity, having a short, 
arcuate cardinal margin, a circular anterior margin abruptly deflected to the obliquely 
truncate, slightly convex, posterior margin. Umbones high with beaks pointed, 
incurved, slightly opisthogyre. Prominent umbonal ridge dividing the shell into 
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Fig. 14 .—Eoschizodus sp.indet. Draw- 
of M.U.G.D. 2196 from M.G. 38, show¬ 
ing internal cast (white), and fragment 
of external ornament in lower left 
corner of drawing. 


an anterior convex region and a posterior flattened region. Ornamentation of low 
concentric undulations on exterior of shell only. Dentition unknown. Posterior 
muscle scar of moderate size bounded by a groove at its anterior margins, the groove 
broadening ventrally. Anterior muscle scar unknown. 

Measurements. The figured specimen (M.U.G.D. 2196), a right valve from 
M.G. 38, has a length of 23 mm., height 18 mm., thickness 4 5 mm. 


Family Pleurophoridae Dali 
Genus Cypricardinia Hall, 1859 
Cypricardinia multilamellosa n.sp. 

(PI. IV, fig. 7) 

Description. Shell known only from a right valve, longer than wide, evenly 
convex, with maximum height well posterior of the beak. Umbo raised above the 
hinge line, incurved, situated in the posterior third of the shell. Anterior margin 
broadly rounded; posterior margin slightly convex ventrally in a broad sweep, then 
probably broadly rounded to the hinge line. Ligament and interior unknown. 
Surface ornamented by evenly spaced sharp concentric rugae, almost assuming the 
appearance of projecting laminae. Interspaces between the coarse ornament occupied 
by concentric growth lines. 

Measurements (inferred). Length 70 mm., height 40 mm., height of right valve 
10 mm. 

Types. A single right valve from M.Rd. 33 is the holotype, M.U.G.D. 2190a and 
M.U.G.D. 2190b counterparts. Paratype is a right valve, M.D.V. 47498, from 
Teichert’s locality 27. 
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Family Conocardiidae Neumayr 
Genus Conocardium Bronn, 1834 
Conocardium howitti, n.sp. 

(Fig. 8) 

Conocardium cf. Soiverbyi de Koninck. Chapman, 1912, Rec. Geol. Surv. Vic., Vol. 3, Pt. 2, 

p. 220. 

Description. Shell small, alate, gibbous. Beak acute, fairly strongly incurved 
over the hinge and slightly oblique towards the posterior. Anterior wing delineated 
by an increase in density of the radial ribs, two very close ribs marking the margin. 
Anterior wing bearing six angular ribs near the hinge, increasing by intercalation 
to eight further out. These ribs separated by much wider interspaces and confined 
to the posterior two-thirds of the anterior wing, the anterior third bearing only the 
concentric growth lamellae. Body inflated, posteriorly oblique, subcircular in section, 
marked by three strong angular ribs and four much wider interspaces, the most 
posterior of these being occupied by three or four more angular but much weaker 
ribs inserted away from the beak. Posterior region truncate, oblique at 45° to the 



Fig. 15 .—Conocardium howitti. Drawing of holotype 
M.U.G.D. 2200 from the Buchan Caves Limestone at 
M.Rd. 74, showing “ribbing” (actually internal grooves) 
and broken away portions as black. Note the concentric 
"lamellae” on the anterior wing, representing projec¬ 
tions of shell material into the visceral cavity. 


vertical axis and marked by eight flat, rounded, curving ribs separated by sharp, 
narrow grooves. Three of these eight ribs formed by branching of the first rib 
delimiting the posterior region. Growth lines consisting of regularly spaced lamellae 
set at right angles to the surface, about 01 mm. apart, and 0 03 mm. in width. 

Measurements. Holotype has a length of 5 mm., height 4 mm.; thickness of 
right valve approximately 2 mm. 
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Types. Holotype M.U.G.D. 2200 from M.Rd. 74; paratvpe M.U.G.D. 2218 
from R.C.R. 28, showing relatively smooth interior. 

Discussion. Casts and decorticated specimens show that the exterior of the shell 
was comparatively smooth, as Branson (1942, Card 28) suggests is the case for all 
species of Conocardium. The nearest described species is Conocardium bellulum 
Cresswell. Conocardium sowerbyi de Koninck in some degree approximates the 
new species C. howitti which, however, differs in detail of ribbing and number of 
ribs, and is much smaller than the neotype of C. sozverbyi or the other measured 
specimen mentioned by Fletcher (1948, p. 236). 

Distribution. Conocardium hozvitti is the most widely distributed pelecypod at 
Buchan. It has been collected from R.S.M. 64, 65, 76 and 77, R.C.R. 26, M.Rd. 
69 and 74, and from the Butcher’s Ridge Limestone. 


Family Praecardiidae Neumayr 
Genus Panenka Barrande, 1881 
Panenka sp.indet. 

Description. A single fragmentary specimen of a Panenka has been collected 
from coarse mid grey calcarenite outcropping beside the Caves Road, about 70 
yards north of the entrance to the Royal Cave. Unfortunately the specimen is too 
incomplete to warrant description. 


G. List of Cited Localities 

Gill. Stratigraphic section through the Gillingall Limestone, E. side of Woolshed Creek. 

opposite the old Gillingall homestead. Distances in feet stratigraphically above the 
Snowy River Volcanics outcropping in Woolshed Creek. 

3 Chocolate brown tuffaceous limestone weathering dull yellow, 31'. 

6 About 3' of silicified rhyolitic tuff, 88'. 

J.C. Stratigraphic section through the Jackson’s Crossing Limestone from the base of 
Davidson’s Cliff. Jackson’s Crossing. Distances are in feet stratigraphically above the 
base of the cliff. 

27 Almost black calcilutite with Tentaculites, 250'. 

32 Richly fossiliferous muddy limestone, 304'. 

34 Calcareous mudstone with rare nodules, 350'. 

35 Richly fossiliferous thin nodular limestone, 365'. 

39 Finely laminated limestone, 392'. 

43 Ostracodal limestone, 414'. 

46 Band with Spinella bnehanensis sctssura, 447'. 

54 Almost black calcilutite with abundant pelecypods and Spinella, 563'. 

55 Similar to 54 with occasional nautiloids and rugose corals, 573'. 

56 Similar to 55 with abundant ostracodes, 578'. 

M.G. Stratigraphic section up McLarty’s Gully, Buchan Caves Limestone, from the Murrindal 
River. Distances are in feet stratigraphically above the level of the river. 

14 5' thick band of dark grey calcarenite characterized by abundant Bnchanathyris, 
Loxoncma and Spinella infilled by white crystalline calcite, 252’. 

16 Similar band to 14, 291'. 

26 Very fine-grained calcarenite (or calcilutite) with Spinella, Modiomorpha and 
ostracodes, 382'. 

38 Dark grey to black fine-grained calcarenite with fairly abundant brachiopods and 
less common Breviphyllum, Eoschizodns and ostracodes. 
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M.Rd. Stratigraphic section through the Buchan Caves Limestone three-quarters of a mile 
N.N.W. of the end of Moon’s Rd., Buchan. Distances are in feet stratigraphically 
above the Snowy River Volcanics. 

1 Thin basal grit. 

33 Dctrital calcarenite with abundant brachiopods and occasional Favosites, Brevi- 
phyllum and Cypricardinia, 300'. 

43 Coarse unfossiliferous calcarenite, 393' 

64 Richly fossiliferous band with abundant Breviphyllnm, and occasional Syringopora, 
Loxonema, Spinella, Buchanathyris, 520'. 

68 Yellow to buff earthy calcarenite with abundant brachiopods, Loxonema, Strap- 
arolus, Breviphyllwn, etc., 551'. 

74 Pale grey calcarenite with C onocardimn and Breviphyllum, 622'. 

92 Almost black ostracodal limestone alternating with black calcilutites containing 
Spinella and small pelecypods, 750'. 

R.C.R. Stratigraphic section up Rocky Camp Ridge from the base of the Buchan Caves Lime¬ 
stone exposed in the Murrindal River. Distances are in feet stratigraphically from the 
base. 

28 Dark grey stylolitic calcarenite with occasional Spinella, Cottocardimn and ostra- 
codes, 492'. 

29 Slightly muddy calcilutite with abundant Spinella and pelecypods including Modio- 
morpha, 500'. 

R. S.M. Stratigraphic section up the prominent ridge one-third of a mile S. of Murrindal. 

through the Buchan Caves Limestone. Distances are in feet from the top of the Snowy 
River Volcanics. 

12 Dark grey calcarenite with rare fine Receptaculites, 141'. 

66 Almost black calcilutite with abundant nautiloids, Spinella and algae, and less 
common Nuculana and Modiomorpha, 548'. 

67 Almost black ostracodal limestone with abundant Spinella and common pelecypods, 
551'. 

69 Same as 67, 566'. 

77 Mid grey stylolitic fine-grained calcarenite with crinoid stems, Loxonema, Uncinu- 
lus, Chonetcs australis, and Hozvittia howitti, 653'. 

78 Dark grey calcarenite with small crinoid stems and a phacopid trilobite pygidium, 
658'. 

S. R. Stratigraphic section up the prominent ridge three-quarters of a mile S. of Murrindal, 

through the Buchan Caves Limestone. Distances are in feet stratigraphicallly from 
the approximate position of the top of the Snowy River Volcanics. 

51 Black calcilutite teeming with Spinella, ostracodes, and pelecypods ( Modiomorpha, 
Nuculana, and Eoschisodus) , 580'. 

52 Similar to 51, 600'. 
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DEVONIAN BRACHIOPODS AND PELECYPODS 

Explanation of Plates 

Plate I 

Figs. 1-5. — Spinclla buchanensis buchanensis n.gen., n.sp., n.subsp. 1, 2, 4, 5. — Pedicle, brachial, 
anterior and posterior views X 1-3 of holotype M.U.G.D. 2152 from the base of 
the Pyramids Mudstone, road cutting immediately south of Murrindal State School. 
3. — Exterior enlarged X 7 to show characteristic surface ornament of fine spines. 

Figs. 6, 7. — Spinella buchanensis scissura n.gen., n.sp., n.subsp. Brachial and pedicle views of 
holotype M.U.G.D. 2153, X 1-3. Specimen from Buchan Caves Limestone at M.G. 
31. 

Fig. 8. — Spinella maga n.gen., n.sp. Posterior view X 1-3 of holotype M.U.G.D. 2154 from 
the upper part of the Buchan Caves Limestone, Murrindal. 

Plate II 

Figs. 1-3, 11, 12. — Spinella buchanensis philipi n.gen.. n.sp., n.subsp. 1-3. — Brachial, anterior 
and posterior views of a paratype M.U.G.D. 2155. 11, 12. — Anterior and posterior 
views of holotype M.U.G.D. 2156. Both specimens from the Cameron Mudstone 
Member of the Buchan Caves Limestone. Figs. 1-3 are X 1, figs. 11 and 12 
X 1-3. 

Figs. 4-7. — Spinclla buchanensis buchatiensis n.gen., n.sp., n.subsp. Pedicle, brachial, anterior 
and lateral views of flatter-ribbed specimen M.U.G.D. 2157 from R.C.R. 29 tending 
towards Spinella buchanensis scissura. 

Figs. 8-10. — Spinella buchanensis buchanensis n.gen., n.sp., n.subsp. Brachial, lateral, and pos¬ 
terior views of more angular-ribbed specimen M.U.G.D. 2158. Views are X 2, 
X 1, and X 1-5 respectively. 

Figs. 13-17. — Hozuittia howitti (Chapman) n.gen. 13-16.—Brachial, pedicle, and anterior views 
of hypotype M.U.G.D. 2159, X 1-5. 17. — Pedicle view of hypotype M.U.G.D. 2160, 
X 1. Both specimens from base of Pyramids Mudstone, cutting immediately south 
of Murrindal State School. 


Plate III 

Figs. 1-4. — Buchanathyris westoni n.gen., n.sp. 1-3. — Pedicle, brachial and posterior views 
X 1-6 approx, of holotype (M.U.G.D. 2184) from low in the Taravale Mudstone, 
approximately 200 yards inside the entrance gate to the Caves Reserve, Buchan. 
4. — View X 1-6 of interior of pedicle valve of paratype (M.U.G.D. 2312) from 
same locality as holotype, showing thick dental lamellae. 

Figs. 5-8. — Buchanathyris zvaratahensis n.gen., n.sp. 5, 6. — Pedicle and brachial views X 3 of 
holotype (M.U.G.D. 2083) from north end of Bell Point, Waratah Bay, Victoria. 
7, 8. — Pedicle and brachial views of paratype (M.U.G.D. 2085) from Jackson’s 
Crossing Limestone at J.C. 32. 

Fig. 9. — Chonetes spooneri n.sp. Brachial valve X 1-3 of holotype from Spooner Creek muddy 
phase of the Basin Limestone. 

Figs. 10, 11. — Chonetes australis McCoy. Pedicle and brachial views X 1-2 and X 1 respectively 
of hypotype M.U.G.D. 2183 from Jackson’s Crossing Limestone at J.C. 32. 

Fig. 12. — Leiopteria sp.indet. Side view X 11 of specimen M.U.G.D. 2193 from Buchan Caves 
Limestone at R.C.R. 29. 

Fig. 13. — Actinopterella sp.indet. Side view X 1 of left valve specimen M.U.G.D. 2199 from 
Spooner Creek muddy phase of the Basin Limestone. 

Fig. 14. — Leiopteria buchanensis n.sp. Side view X 1 of left valve paratype M.U.G.D. 2194 
from Buchan Caves Limestone at M.G. 38. 

Fig. 15. — Leiopteria jacksonensis n.sp. Side view X 1 of left valve holotype M.U.G.D. 2195 
from Jackson’s Crossing Limestone at J.C. 53. 

Plate IV 

Figs. 1. 2. — Modiomorpha concentrirugosa n.sp. Side view of right and left valves respectively 
of holotype M.U.G.D. 2187, X 1, from the Buchan Caves Limestone at S.R. 53. 

Figs. 3-6. — Modiomorpha tenuilineata n.sp. 3-5. — Side views of right and left valves respec¬ 
tively and dorsal view of holotype M.U.G.D. 2188, X 11, from Buchan Caves 
Limestone, M.G. 26. 6. — Side view of right valve paratype M.U.G.D. 2189, X 1, 
from the Jackson’s Crossing Limestone at J.C. 55. 
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Fig. 7.— Cypricardinia muUilamcllosa n.sp. Side view of left valve holotype M.U.G.D. 2190, 
X 1, from the Buchan Caves Limestone at M.Rd. 33. 

Fig. 8.— Leiopteria buchanensis n.sp. Side view of left valve holotype M.U.G.D. 2191, X 1, 
from the Buchan Caves Limestone at R.C.R. 29. 

Fig. 9.— Nuculana insolita n.sp. Side view of right valve holotype M.U.G.D. 2192, X 2, from 
the Buchan Caves Limestone at R.S.M. 67. 

Plate V 

Fig. 1.—Coarse-grained calcarenite (lime-sandstone), photomicrograph, X 10 approx., M.Rd. 

43, 393 ft. stratigraphically above base of Buchan Caves Limestone. Calcite has 
recrystallized. 

Fig. 2.—Partly detrital calcarenite (lime-sandstone), photomicrograph, X 7 approx., M.Rd. 33. 

300 ft. stratigraphically above base of Buchan Caves Limestone. Dark grains of 
detrital calcite and other bioclastic debris in a matrix of clear calcite. The two 
fragments of Spinclla shell show differing degrees of abrasion of plications. 

Fig. 3.—Calcilutite (lime-mudstone), photomicrograph, X 30, R.S.M. 69, 566 ft. stratigraphi¬ 
cally above base of Buchan Caves Limestone. Section has a very high proportion 
of organic matter. Fine jagged margin of Spinclla shell is resultant from attack 
by penetrative algae (seen only under high power). 

Fig. 4.—Silicified rhyolitic tuff, photomicrograph, X 30, Gill. 6, 88 ft. stratigraphically above 
level of Woolshed Creek, Gillingall, Gillingall Limestone. 

Fig. 5.—Laminated limestone, photomicrograph, X 10, J.C. 39, 392 ft. stratigraphically above 
base of Davidson’s Cliff, Jackson’s Crossing, Jackson’s Crossing Limestone. Expan¬ 
sion to the right is around a small algal pisolith with a shell fragment as core. 
Pisolith not shown. 

Fig. 6.—Algal pisolite, photomicrograph, X 10, M.Rd. 51, 474 ft. stratigraphically above base 
of Buchan Caves Limestone. Section shows parts of two pisoliths, each composed 
of two different types of algal structure. Between the pisoliths is a small Ancmatina 
(oblique section) and clear calcite. Some algae have grown inside the Anenuatina. 
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SILURO-DEVONIAN MOLLUSCA FROM MARBLE CREEK, 
THOMSON RIVER, VICTORIA 

By John A. Talent and G. Maxwell Philip 
[Read 9 June 1955] 

Abstract 

Two new genera and eight new species of gastropods, four new species of pelecypods, and 
one new species of nautiloid are described from the two Siluro-Devonian crinoidal limestones 
at Marble Creek, Thomson River, Victoria. A homonym in the genus Conocardium is corrected. 

Introduction 

The limestone deposits referred to in this paper are two lenses of crinoidal lime¬ 
stone occurring on the eastern side of the Walhalla synclinorium, a wide belt of 
Siluro-Devonian sediments in central-eastern Victoria. Both deposits were formerly 
quarried for building stone, and are known locally as the Toongabbie Marble 
Quarries. The quarries have not been worked for over fifty years and consequently 
proved difficult to find in the heavily timbered country along the Thomson River. 
For this reason we have included a map (Fig. 1) which locates the quarries in 
relation to present roads and recognizable jeep tracks, mapped by pace and compass. 

Collections were made from both quarries during field trips in 1953 and 1954. 
This paper covers the description of the gastropods, pelecypods and nautiloid of the 
fauna and gives notes on location and previous literature. 

Previous Literature 

The key literature on the Walhalla synclinorium is listed by Thomas (1942), 
whereas the sole reference giving significant data on the Marble Creek limestone is 
that of Kitson (1925). 

Murray (1878) was apparently the first to comment on the Marble Creek lime¬ 
stone. He considered this occurrence, as well as those at Cooper’s Creek and Deep 
Creek, Walhalla, to represent limestone outliers resting on the upturned edges of 
Silurian rocks. Murray went on to quote McCoy as saying, “This limestone contains 
an abundance of large crinoid stems of the Actinocrinus type, and some traces of 
Gasteropoda, apparently of the genus Acroculia, too imperfect to render deter¬ 
mination possible, and a fragment of Bellerophon.” McCoy was unable to reach 
any conclusion as to the age of the rock from the meagre collection available to him. 

Newbery (1882) analysed a sample of Toongabbie limestone and stated it to 
have the abnormally high percentages of 18T97o magnesia and 20 29% silica. 
However, analyses quoted by Kitson (1925, p. 446) show the proportion of mag¬ 
nesium carbonate to be of the order of 1% to 2%, a quite normal figure for a 
crinoidal limestone. Spot-testing for dolomite has failed to show any evidence of 
dolomitization in either of the two occurrences. 

Kitson (1925) described the two quarries and disagreed with the earlier inter¬ 
pretation by Murray. He proved the two limestone deposits were almost certainly 
lenticles “interstratified with Silurian slates” rather than unconformable outliers. 
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Fig. 1.—Locality sketch. 
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He regarded this limestone-conglomerate association to be a repetition by folding 
of the Cooper’s Creek limestone-conglomerate belt which forms the base of the 
Walhalla Group. 

Chapman (1907, pp. 73 and 78) listed rough generic determinations of fossil 
fragments collected by Kitson, but did not contribute towards solving the problem 
of the age of these limestones. 

Systematic Descriptions of Gastropods 
Genus Ostlerina n.gen. 

Definition. Narrowly phaneromphalous naticiform gastropods, with small spire 
and comparatively large body whorl, without a sinus in the outer lip, and ornamented 
only by growth lines, nucleus simple, dextral. 

Type species. Ostlerina delicata n.sp. 

Discussion. The phaneromphalous Ostlerina is readily separable from previously 
described naticiform genera, the bulk of which, such as Praenatica, Platyostonia and 
Naticonema, are anomphalous by nature. The fine growth line ornament of Ostlerina 
distinguishes it from other phaneromphalous naticiform general with which it could 
otherwise be compared— Himantonia has oblique, rounded costae, whilst NaticeUa, 
considered by Knight to be probably minutely phaneromphalous, has an ornament 
of “obscure, irregular, wavy, revolving lirae, and irregular very slightly fasciculated 
growth lines.” Ostlerina can be compared with some species referred to Platyceras, 
but all specimens of Ostlerina so far collected are not unrolled even in what are 
apparently gerontic stages. 

The name is derived from Ostler’s Flat, the nearest cleared land to the old 
quarries from which the specimens were collected. 

Ostlerina delicata n.sp. 

(PI. VI, figs. 1-4; Figs. 2 and 3) 

Description. Somewhat explanate, naticiform, narrowly phaneromphalous gas¬ 
tropods of moderate size, with very small spire and comparatively large body whorl. 
Whorl profile moderately well arched between sutures, the final whorl being rather 
flatly arched on the upper half, more steeply arched in the centre, and rather sharply 
rounded on the base. Sutures incised, but not deep. Nucleus seemingly simple and 
dextral. Ornamentation of slightly irregular growth lines, which may coarsen in 
gerontic stages. Outer lip without sinus and thus no tendency towards generation 
of a selenizone. 


Fig. 2. —Ostlerina delicata. Section of 
paratype M.U.G.D. 2178 from Lower 
Quarry, X 2, showing umbilicus («). 

B 
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Measurements. Only fifteen specimens were available for measurement and few 
of these showed a preserved outer lip. Unfortunately the shape does not lend these 
specimens to measurement. Results are plotted as Fig. 3. 


Upper Quarry 


M.U.G.D. No. 

2166 

2272 

2284 

Height (mm.) 

12 5 

7 

5-5 

Length (mm.) 

21 

12 5 

8-5 


Lower Quarry 


M.U.G.D. No. 

2164 

2165 

2179 

2180 

2285 

2286 

2287 

2288 

Height (mm.) 

15-5 

11 

18 

22 

8 

25 

5 

8 

Length (mm.) 

25-5 

22 

30 5 

35 

9 

40 

9-5 

14 


M.U.G.D. No. 

2289 

2290 

2291 

2292 

Height (mm.) 

6-5 

2-8 

3-5 

4 2 

Length (mm.) 

10 

5-8 

6-4 

7-5 



Fig. 3 .—Ostlerina delicata. Relation of height of shell to length of fifteen 
measured specimens. 
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Types. Holotype, M.U.G.D. 2164; Paratypes 2165, 2178 (sectioned), and 
measured specimens M.U.G.D. 2166, 2272, 2284 (Upper Quarry), M.U.G.D. 2164, 
2165, 2179, 2180, 2285-92 inclusive (Lower Quarry). 

Discussion. The surface ornament of O. delicata is very similar to that of 
Strophostylus gregarius Perner. Here, however, the comparison ends, as Stropho- 
stylus is anomphalous, whereas O. delicata is phaneromphalous. "Diaphorostoma 
incisum” Chapman (1916) may be synonymous, but requires study of topotypic 
material before any assessment can be made. 

Occurrence. Upper Quarry (relatively rare), and also Lower Quarry (mod¬ 
erately common). 

Genus Cowwarrella n.gen. 

Definition. Small phaneromphalous gastropods having virtually rectangular 
whorl section; outer lip without sinus but produced into a tongue-like anteriorly- 
directed projection; ornamentation of growth lines only; nucleus simple, dextral. 

Type species. Cowwarrella cylindrica n.sp. 

The external appearance of this genus is sufficiently distinctive to defy close 
comparison with any previously described Paleozoic genus known to the authors. 
The name is derived from Cowwarr, the nearest township to the quarries. 

Cowwarrella cylindrica n.sp. 

(PI. VI, figs. 12, 13, 14) 

Description. Rather small, phaneromphalous gastropod of about two volutions. 
Whorl section virtually rectangular. Outer lip without a sinus. External sutures 
deep. Whorl profile between sutures nearly flat and sub-horizontal above, with an 
almost right-angled shoulder, and then running vertically for a distance of approxi¬ 
mately four times the width of the upper sub-horizontal surface of the whorl to 
another more rounded, but almost right-angled, shoulder. Base of the whorl hori¬ 
zontal, and equal in width to the upper surface, but more rounded than it. Umbilicus 
obscured by hard matrix preventing preparation to reveal umbilical structures or 
the profile of the inner side of the whorl. Profile of inner side of whorl inferred 
to be vertical from the dominant regularity of the shell. Nucleus simple, dextral. 
Outer lip, as inferred from.growth lines, passing radially from the external suture 
to the upper right-angled shoulder, then bending fairly sharply forwards, into a 
low U-shaped forwardly directed lobe. On the base, growth line's, and consequently 
the outer lip, deflected backwards. Ornamentation restricted to low, rounded, 
variable, irregularly spaced growth lines. Shell material thin, and of unknown 
structure. 

Measurements. Maximum height 12 5 mm., width 11 mm. 

Type. Holotype M.U.G.D. 2169. 

Occurrence. Lower Quarry (rare). 

Genus Tremanotus Hall, 1865 
Tremanotus cyclocostatus n.sp. 

(PI. VI, figs. 11, 15; PI. VII, figs. 16, 17; Fig. 4) 

Description. Moderately large, widely phaneromphalous planispiral gastropod, 
of originally about five whorls. Outer lip with shallow sinus culminating at mid¬ 
whorl in a series of regularly spaced tremata. Whorl profile sub-oval, being 
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moderately concave on the inner side; sutures seemingly very sharply defined; 
nucleus unknown. Outer lip, as inferred from the growth lines, with widely 
V-shaped sinus over the entire outer surface. Sides of sinus running at about 25° 
from the vertical and culminating medially in a peculiar narrow pseudo-selenizone. 
Pseudo-selenizone consisting of a row of sub-rectangular tremata, each surrounded 
by a slight wall with growth lines running up the walls from the sides, spaces 
between tremata having growth lines bent strongly backwards towards the preceding 
trema. Ornamentation of about 24 somewhat sinuous, unevenly spaced, rounded, 
revolving costellae, becoming more sinuous away from the row of tremata, which 
are parallel. Costellae averaging about half the width of the intervening furrows. 
Transverse ornamentation of closely spaced, fine growth lines, with regular coarser 
growth lines, the combination of transverse and revolving ornaments giving the 
surface a characteristic reticulate appearance. Shell moderately thin, and of unknown 
structure. 



Fig. 4 .—Tremanotus cyclocostatus. Diagram¬ 
matic representation of surface ornament, X 5. 
c. revolving costellae; g. growth lirae; p- 
pseudoselinizone; t. tremata. 

Types. Holotype M.U.G.D. 2279; Paratype M.U.G.D. 2167. 

Discussion. Tremanotus cyclocostatus is smaller and less rapidly expanding than 
T. pritchardi Cresswell or T. longitudinalis Lindstrom. The fragment of Bellero- 
phon identified by McCoy, and referred to by Murray (1878, p. 49), could possibly 
have belonged to Tremanotus cyclocostatus. 

Measurements. Maximum width of holotype 25 mm.; maximum height of 
whorl is 12-5 mm. 

Occurrence. Lower Quarry (rare). 

Genus Coelocaulus Oehlert, 1888 
Coelocaulus sp. 

(PI. VII, fig. 18) 

Description. Medium sized, high spired, many whorled, narrowly phaneroni- 
phalous gastropod, with probably ten or twelve whorls approximately one-third as 
high as their diameter. Suture moderately shallow; whorl profile gently arched 
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between sutures. Outer lip and columellar lip unknown. Ornamentation probably 
of very fine growth lines which have not been preserved on the specimens. 

Measurements. The height of the better preserved of the two specimens 
(M.U.G.D. 2172) is 26-5 mm., but it has only six whorls. It would have been about 
40 mm. high if the spire had been preserved. The pleural angle is approximately 
13°. 

The second specimen (M.U.G.D. 2177) has only five whorls, and is 14-5 mm. 
high. Its original height would have been about 25 mm. 

Discussion. Only two specimens have been collected, and both are too poorly 
preserved to be accurately identified. Both are completely filled with coarsely 
crystalline calcite, and fail to show surface ornament. Chapman (1916, p. 86) men¬ 
tions C. brasieri Etheridge from Marble Creek. 

Occurrence. Both specimens were collected in the Upper Quarry. 

Family Platyceratidae Wenz 

The bulk of the several hundred described species of Platyceratidae have been 
referred to Platyceras Conrad or Orthonychia Hall. Living examples of the closely 
analogous genus Capulus are known to vary in colour and form according to their 
immediate environment. By analogy the majority of the species of Platyceratidae, 
founded on minor surface irregularities, are probably invalid. However, in view 
of the general absence of stable characters which can be made use of for specific 
distinction, very little can be done at this stage to reduce the vast number of species. 

For the purpose of the present discussion, we have referred those irregularly 
horn-shaped gastropods which have the nucleus and the first whorl in contact to 
the genus Platyceras Hall. We have not made use of the synonymous genus 
Acroculia Phillips, although the Termiers (1950, p. 4) have recently continued to 
use it for uncoiled, helicoidally twisted platyceratids. 

The completely uncoiled genus Igoceras Hall has by some authors been regarded 
as a synonym of Orthonychia Hall, whereas other authors have considered them as 
discrete genera. Knight’s (1941, pp. 160 and 221) genotype descriptions show that 
no ornament has been observed on the genotypes of Orthonychia whereas Igoceras 
plicatum (Conrad) has ornament of plications, fine lirae and growth lines. If the 
ornament of Orthonychia was known and considered to be significantly different 
from that of Igoceras there would be some basis for separation of the two genera. 
In the absence of such significant differences we have followed the procedure of 
considering Igoceras as a synonym of Orthonychia. 

New species of platyceratids have been erected mainly on grounds of external 
morphology. We have searched the wide literature available to us and, being unable 
to place the several species, have decided on naming them. In spite of the extreme 
differences between each of the new platyceratid species, we do not deny the 
possibility that the extreme variation in external morphology known in platyceratids 
may even cover some of the newly erected species. 

As has been mentioned before, the limestones consist mainly of the remains of 
crinoid stems. It is of considerable interest to note this as another case of close 
association between platyceratids and crinoids. Keyes (1889) made a careful study 
of twelve species of Carboniferous platyceratids living closely associated with 
crinoids and concluded that they lived a partly saprophagous life, like the living 
Eulimidae, and lived partly on nutrition brought their wav by movement of the 
crinoid arms. 
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Genus Platyostoma Conrad, 1842 
Platyostoma triangularis n.sp. 

(PI. VI, figs. 5, 6) 

Description. Small, low-spired naticiform gastropod, of about two rapidly 
expanding volutions. Whorl profile rounded for the first whorl, then becoming 
sub-triangular, with an acutely rounded shoulder near the upper suture, a com¬ 
paratively flat sloping side, a sub-angular shoulder at the periphery, and a flattened 
base. Sutures very deep and V-shaped. Nucleus simple, dextral. Base anomphalous. 
Aperture sub-triangular, widest near the base. Outer lip, as inferred from growth 
lines, deflected backward from the suture into a very low, backwardly directed 
U-shaped re-entrant on the outer flattened surface, with forward convexity at the 
periphery, and deflected obliquely backwards again on the basal portion of the shell. 
Ornamentation of low, rounded growth lines. 

Measurements. Width 11*5 mm. ; height 6 mm. 

Type. Holotype M.U.G.D. 2175. 

Occurrence. Lower Quarry (rare). 

Genus Platyceras Conrad, 1840 
Platyceras decorum n.sp. 

(PI. VII, fig. 21) 

Description. Small irregular gastropod, of about one and a half whorls, with 
the nucleus and first whorl in contact and discoidally coiled, and the last whorl free, 
expanding relatively rapidly. Whorl section sub-circular, and somewhat flattened 
on the base. Apertural margin sinuous. Surface ornamented by a tendency to low 
swellings and sinuous growth lines parallel to the apertural margin. Shell thin and 
black. 

Measurements. Two specimens referred to this new species have the following 


somewhat approximate measurements: 

Holotype Paratype 

Height 6 0 mm. 6 5 mm. 

Width 6 5 mm. 6 5 mm. 

Width of aperture 4 0 mm. 4 0 mm. 

Height of aperture 3 8 mm. 3 6 mm. 


Types. Holotype M.U.G.D. 2173. Paratype M.U.G.D. 2174. 

Occurrence. Lower Quarry (occasional). 

Platyceras trirotundolobatum n.sp. 

(PI. VII, figs. 26, 27) 

Description. Moderately large, rapidly expanding, horn-shaped gastropod; 
nucleus not preserved, but initial coiling inferred from shape. Whorl section 
sub-circular at first, soon becoming characteristically sub-pentagonal, with strong 
rounded projections on three successive angles. Surface folded into three strong 
plications of semi-circular cross-section, running almost the length of the shell, and 
separated by comparatively flat areas, approximately twice as wide as the plications. 
Outer lip, as inferred from the ornamentation of growth lines, curving inwardly 
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at each semi-circular plication into a low U-shaped sinus, and outwardly again on 
each comparatively flat section between the plications, giving a low U-shaped, 
forwardly-directed tongue. Rate of growth under the beak slightly greater than 
half that in the line furthest from the beak. Shell dextral, very thin, and of unknown 
structure. 

Measurements. Maximum apertural width 20 3 mm.; approximate shell length 
50 mm.; height 20-5 mm. 

Type. Holotype M.U.G.D. 2168. 

Occurrence. Lower Quarry (rare). 

Platyceras sp. 

Description. Small, asymmetric, rapidly expanding platyceratid gastropod, dif¬ 
fering markedly in general configuration from the other platyceratids described in 
this paper. Nucleus and first whorl not preserved, but from the general con¬ 
figuration probably coiled in contact, hence specimen referable to Platyceras. Sur¬ 
face ornament not preserved. 

Measurements. Length 14 mm.; height 10-5 mm.; aperture width 7 5 mm. 

Occurrence. The single specimen was collected in the Upper Quarry, and is in 
the M.U.G.D. collection, No. 2181. 

Genus Orthonychia Hall, 1860 
Orthonychia marblecreekensis n.sp. 

(PI. VII, fig. 22) 

Description. Moderately large, irregularly horn-shaped gastropod, expanding 
rapidly, but not coiled. Whorl section completely irregular, the shape varying with 
the position of the whorl section, but generally sub-rhomboidal. Nucleus not pre¬ 
served, but the fragment lacking is so small that without doubt it was not coiled 
in contact. Apertural margin extremely irregular, undoubtedly markedly influenced 
by the substratum to which the animal was attached. Surface ornament variable; the 
entire surface, except for the relatively early growth stages, lumpy, becoming 
increasingly thrown into unequal, irregular folds towards the aperture, there being 
five such folds on the specimen under investigation, with one fold, rectangular in 
cross-section, and formed at the margin of the flattened base, running almost the 
entire length of the shell. Partial coil of the shell dextral if oriented to lie on the 
flattened base. Rate of growth under the beak approximately one-seventh that in a 
line furthest from the beak. Growth lines irregular, unevenly spaced. Shell thin 
and black, of unknown structure. 

Measurements. Maximum apertural width 16 mm.; maximum length of shell 
33 mm.; minimum length of shell under beak 4 5 mm. 

Type. Holotype M.U.G.D. 2171. 

Occurrence. Lower Quarry (rare). 

Orthonychia pentalvea n.sp. 

(PI. VII, figs. 28, 29) 

Description. Moderately large horn-shaped gastropod, completely uncoiled, 
although nucleus itself coiled almost in contact. Whorl section sub-circular. Surface 
ornament a relatively uniform series of growth lines. Shell surface folded into five 



66 JOHN A. TALENT AND G. MAXWELL PHILIP: 

furrows, four of them rounded, and two of them situated under the beak, with one 
of the other two on either side; the fifth, on the outermost side, very flat and 
vaguely divided by an ill-defined ridge running down the centre. The five radial 
depressions separated by rounded ridges approximately twice as wide as the furrows. 
Growth lines well-defined, showing that the ridges corresponded to five rounded 
re-entrants in the apertural margin separated by one broad and four sharply 
rounded tongues corresponding to the furrows on the surface of the shell. The 
two furrows under the beak characterized by regularly spaced, well-defined “chisel- 
marks”, with outline corresponding to that of the growth lines. Rate of growth 
almost uniform throughout. Shell quite thin, and of unknown structure. 

Measurements. Height of shell 28 mm.; maximum length along shell 55 mm.; 
thickness at aperture 18 mm. 

Type. Holotype M.U.G.D. 2170. 

Occurrence. Lower Quarry (rare). 


Orthonychia sp. 

Description. Small, asymmetrical, very rapidly expanding, low, patelliform 
gastropod. Whorl section circular. Nucleus cannot be excavated, but strongly bent 
dextrallv. Surface ornament not preserved. Rate of grow'th under the beak very 
much less than elsewhere, resulting in the flat shape, with a twisted beak posteriorly. 
Specimen too poorly preserved to be specifically assigned. 

Measurements. Width 115 mm.; length 12 mm.; height 3 5 mm. 

Occurrence. Upper Quarry. Represented by M.U.G.D. 2182, to which the 
above measurements refer. 


Systematic Descriptions of Pelecypods 
Genus Rhombopteria Jackson, 1890 

Jackson proposed this genus in his classical work on pelecypod phylogeny. He 
designated Avicula mira Barrande as type species, and referred five other species 
to that genus as follow’s: A. pseudomira Barrande, A. cognata Barrande, A. scala 
Barrande, A. patricia Barrande and A. glabra Munster, all of which are figured on 
Plates 226 to 228 of Volume 6 of Barrande’s Systemc SUurien du Centre de la 
Bohem-e. 

Jackson made no mention of the surface ornament which we consider charac¬ 
teristic of this genus. This ornament is well shown on Barrande’s plates to consist 
of widely spaced sub-concentric lamellae, which, towards their margins, are covered 
by fine, intersecting, sub-radial lirae, giving a criss-cross appearance to the surface. 
Northrop (1939, p. 198) and the Termiers (1950, Fas. 3, p. 84) also make note 
of this surface ornament for Rhombopteria. With this emphasis on surface orna¬ 
ment it appears that two species referred to Rhombopteria by Jackson ( Aincula 
patricia Barrande and Avicula glabra Munster) should be accommodated elsewhere, 
and another of Barrande’s species, Avicula palliata (PI. 220), would now l>e refer¬ 
able to Rhombopteria. With the exception of R. palliata from the f2 of Bohemia, 
Rhombopteria appears to be a predominantly Silurian form. 
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Rhombopteria anfractaviara n.sp. 

(PI. VI, fig. 10; PI. VII, fig. 20) 

Description. Sub-quadrate shell, with oblique body chamber and both anterior 
and posterior wings developed. Hinge line straight, with umbos anterior, that of 
the left valve being incurved over the hinge line. Biconvex, with left valve showing 
treater convexity than the right. Body of shell inflated, but not well differentiated 
from the wings, making an angle of about 70° with the hinge line. Greatest length 
about half way between the hinge line and the lower margin. Both byssus and 
ligament area apparently absent. Internal features unknown. 

Surface ornament of strong, widely spaced growth lamellae with the maximum 
width of the outside lamella about one-third of the maximum height of the shell at 
all stages of growth. Radial grooves on the upper surfaces of the lamellae becoming 
further apart with increase in distance from the umbos, being, e.g., about A mm. 
apart and 1 to 2 mm. across towards the margin of a specimen 19 mm. high. 
Grooves crossing and bifurcating towards the top of each lamella, then continuing 
more or less uninterrupted to its margin, with an angle of 30° between the two sets 
of grooves. Grooves extending through the shell material and thus occurring on 
the internal cast. Well preserved surfaces showing very fine, irregular growth lines 
about 1 mm. apart. 

Measurements. The holotype, the left valve of a mature specimen, has the 
following dimensions: Maximum length, 18 mm.; maximum height, 19 mm.; maxi¬ 
mum thickness, 7 mm.; length along hinge line, 13 mm. 

Type. Holotype M.U.G.D. 2270. Paratype M.U.G.D. 2271. 

Occurrence. The species is common in the Lower Quarry, but only one specimen 
is recorded from the Upper Quarry. 

Discussion. The new species is proportionally longer along the hinge line than 
the North American Rhombopteria implexa Northrop. Among the Bohemian species 
it is most closely comparable with R. palliata Barrande, but the body of the shell is 
more oblique. 

Genus Conocardium Bronn, 1835 
Conocardium angelicum n.sp. 

(PI. VII, figs. 23-25) 

Description. Shell gibbous, almost as wide as long, circular in transverse section 
at the beaks. Beaks posterior, incurved slightly to the posterior over the straight 
hinge line. Posterior wing of holotype damaged, but apparently truncate, with a 
very small rostrum oblique to the hinge line. Body of shell prominent, inflated, 
with broadly rounded outlines and covered with about eight prominent angular ribs 
with wide interspaces. Body ribs separated rather arbitrarily from the eight radial 
ribs of the posterior flank which become more flattened down the flank. Posterior 
wing of shell showing only the most prominent growth lines. Anterior flank with 
six radial ribs, much finer than the body ribs, and with the close growth lamellae of 
the anterior wing continuing over into this area, giving it a characteristically 
reticulate appearance. Anterior wing ornamented essentially with close growth 
lamellae about 2 mm. apart, with or without very fine discontinuous radial ribs. 
Angle between the last rib of the anterior flank and the hinge line about 40°. 
Anterior gape large, sub-circular in anterior outline, becoming progressively more 
denticulated along its margins towards the posterior. 
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Measurements. The measurements of the holotype are : height, 8 6 mm.; length, 
9 8 mm.; width, 7*4 mm. 

Type. Holotype M.U.G.D. 2277. Paratype M.U.G.D. 2278. 

Occurrence. Upper Quarry (rare). 

Discussion. The new species, C. angelicmn, has different ribbing and a more 
erect body chamber than C. belhilum Cresswell, said by Chapman (1908) to be “an 
abundant species in the dark-blue limestone of Deep Creek, a tributary of the 
Thomson River, Gippsland, 7 miles N. of Walhalla.” This is obviously meant to 
read “7 miles E. of Walhalla”, which places the locality as the Deep Creek limestone 
deposits, generally regarded as lying on the same strike as the Toongabbie limestone 
lenses, and possibly equivalent in age. C. bellulum is a homonym, and is corrected 
below. 

Comparison can be drawn with the North American species C. ventricosum Hall 
from the Cedar Valley Limestone, and with C. reflexum Zeiler from the Siegenian 
of Europe. It differs from both of these in detailed surface ornament. 

Correction of a Homonym in the Genus Conocardium 

Conocardium cresswelli n. name 

Pleurorhynchus bellulus Cresswell (not Barrande) 1893, Proc. Roy. Soc. Vic., Vol. 5, p. 43, 

PI. IX, fig. 6. 

Conocardium bellulum Chapman 1908, Mem. Nat. Mus. Melb., No. 2, p. 45. 

Conocardium bellulum Fletcher 1943, Rec. Aust. Mus., Vol. 21, p. 234, PI. 8, figs. 3, 4. 

During a survey of the literature it was noted that Cresswell’s trivial name was 
preoccupied by C. bellulum Barrande (1881, PI. 202). As with C. costatum, Cress- 
well’s meagre description and figures do not adequately define this species. Both 
these species are found in the limestone at Cave Hill, Lilydale. 

Genus Actinopteria Hall, 1883 
Actinopteria meridionalis n.sp. 

(PI. VII, fig. 19) 

Description. Oblique, pterinoid shell, with body of shell not well differentiated 
from the well developed posterior wing. Anterior wing probably very much sup¬ 
pressed, and umbos nearly terminal. Biconvex, with long straight hinge line; 
ligament area not in evidence. Body of shell oblique, ovoid, and making an angle 
of about 40° with the hinge line. Musculature and teeth not known. Surface 
covered by fairly strong radial ribs spaced about 7 mm. apart, 20 mm. from the 
umbo, with a weak rib between each of these strong ribs, although the succession 
may be broken towards the margins. Ribs crossed by irregular growth lamellae 
a few mm. apart, with the radial ribs not continuous over them. Finer growth lines 
also present, particularly towards the posterior wing. 

Measurements. The measurements of the holotype, which is a left valve, are: 
maximum length, 36 mm.; height, 23 mm.; thickness, 8 mm. 

Type. Holotype M.U.G.D. 2275. Paratype M.U.G.D. 2276. 

Occurrence. This species appears to be confined to the Upper Quarry, where 
it is common. 
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Discussion. The distinctive surface ornament, as well as the oblique body 
chamber, distinguishes this species from the other previously described Victorian 
species referred to this genus. However, many of Chapman’s generic placements 
need revision in the light of later work. 

Genus Pterinea Goldfuss, 1832 
Pterinea concentrilamellata n.sp. 

(PI. VII, figs. 30, 31) 

Description. Species known only from right valve. Pterinoid, sub-quadrate 
shell with body fairly well differentiated from the wings. Both anterior and posterior 
wings well developed. Body of shell making an angle of about 70° with the hinge 
line. Maximum length along hinge line, although approximately the same as the 
length half way from the hinge line to the ventral margin. Right valve convex in 
early stages of growth (for the first 7 mm. in the holotype) then becoming strongly 
resupinate, forming a trail 3 mm. wide. Internal structure and left valve unknown. 

Ornamentation of very fine growth lines about T mm. apart, separating much 
stronger, coarse lamellae (five coarse lamellae on the surface of the holotype). 
Coarse lamellae becoming progressively stronger and further apart with increasing 
distance from the umbo, the last being about 2 mm. from the trail. All these strong 
lamellae are broken, but from portion of the external mould it can be seen that 
these lamellae form well-developed flanges, and probably represent earlier stages 
of resupination. 

Measurements. Length along hinge line (maximum length), 13 mm.; maximum 
height, 14 mm. 

Type. Holotype M.U.G.D. 2273. Paratype (external mould of holotype) 
M.U.G.D. 2274. 

Occurrence. Lower Quarry (rare). 

Discussion. This new species agrees with the characters delineated for the 
Pterinea laevis- group (Pterinea s.s.) by Williams (1908) in his revision of the 
genus Pterinea Goldfuss. It differs from other species referred to this genus in the 
very strong resupination of the right valve, and in the surface ornament of concentric 
flanges. 

The only other Victorian species referred unquestionably to this species was 
P. lineata Goldfuss recorded by Chapman (1908). By subsequent designation this 
species has become the type species of the genus Tolmaia Williams (1908). 

Systematic Description of Nautiloid 
Genus Anaspyroceras Shimizu and Obata, 1935 
Anaspyroceras cultellus n.sp. 

(PI. VI, figs. 7-9) 

Description of holotype. Part of a slowly expanding phragmocone with circular 
section, about 24 mm. long, and increasing in diameter from 10 mm. to 11 5 mm. 
Siphuncle central, and about 2 mm. wide. 

Surface with prominent, rounded, regularly spaced, symmetrical annulations, 
running transversely, and almost straight. Interspaces between annulations having 
the same shape as them but slightly broader, four annulations occupying a length 
equal to the diameter of the conch. Annulations crossed by seventeen longitudinal 
ridges, separated by broad areas seemingly without longitudinal ornament. 
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Height of camerae very regular, with each septum one camera deep. Sutures 
located in the grooves between successive annulations, apparently parallel to them. 
Cameral deposits absent. Septal necks short and orthochoanitic or slightly sub- 
orthochoanitic. Connecting rings thin, extending from the tip of the septal neck to 
the tip of the preceding neck, expanding only very slightly between septal foramina. 

Description of paratypes. Four fragments of a specimen about 3 5 mm. in 
diameter, with exactly the same surface ornament and general configuration as the 
holotype, but with the siphuncle nearer the margin than in the holotype. Thus in 
a specimen 4 mm. wide the siphuncle was 1 mm. from the margin. 

Types. Holotvpe M.U.G.D. 2265. Paratypes (all fragments of the same speci¬ 
men)' M.U.G.D. 2266, 2267, 2268, 2269. 

Occurrence. Both specimens were found in the Lower Quarry. 

Discussion. Due to the confusion which resulted from Shimizu and Obata’s 
(1935) erection of numerous poorly defined genera of annulated orthoceraconic 
nautiloids, the new species has been placed in their genus with a certain amount of 
hesitation. Flower (1943), as far as is at present possible, has clarified this con¬ 
fusion, but future work could possibly place this species in the imperfectly known 
genus Subspyroceras. 

The excentric siphuncle in the immature paratypes of this species indicates either 
a certain amount of flux in position of the siphuncle or, more likely, that at early 
growth stages the siphuncle is located nearer the margin. 

Anaspyroceras ansaas Teichert and Glenister (Upper Ordovician, Tasmania) 
differs from the new species in being slightly curved, having different surface 
ornament, and an excentric siphuncle at all growth stages. 
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Explanation of Plates 

Plate VI 

Figs. 1, 2, 3, 4.— Ostlerina delicata n.gen., n.sp. 1, 2.—Holotype (M.U.G.D. 2164), anterior- 
dorsal and anterior views, X 1-6. 3.—Anterior-dorsal view of paratvpe (M.U.G.D. 
2166), X 1, from Upper Quarry. 4.—Anterior-dorsal view of paratype (M.U.G.D. 
2165), X 1, from Lower Quarry. 

Figs. 5, 6.— Platyostovm triangularis n.sp. Holotype (M.U.G.D. 2175), X 1-6, ventral and dorsal 
views, Lower Quarry. 

Figs. 7-9.— Anaspyroceras cultellus n.sp. 7, 8.—Lateral and sectioned views of holotype 
(M.U.G.D. 2265), X 1-5 approx. 9.—Lateral view of paratype (M.U.G.D. 2266), 
X 1-5 approx. Both specimens from Lower Quarry. 

Fig. 10 .—Rhombopteria anfractaviara n.sp. Holotype left valve (M.U.G.D. 2270), X 1-5 
approx., Lower Quarry. 

Figs. 11, 15 .—Tremanotus cyclocostatus n.sp. 11.—-Paratype (M.U.G.D. 2167), X 1-6. 15.— 
Exterior enlarged, X 8-4, to show combination of revolving costellae, tremata, and 
growth lines. Lower Quarry. 

Figs. 12-14— Coiwvarrella cylindrica n.gen., n.sp. 12.—Holotype (M.U.G.D. 2169), X 2-6, 
showing rectangularity of whorl section; lighting unconventional. Lower Quarry. 
13, 14.—Paratype (M.U.G.D. 2280), X 1*4 approx. Lower Quarry. 

Plate VII 

Figs. 16, 17—Tremanotus cyclocostatus n.sp. Holotype (M.U.G.D. 2279), X L4 approx., 
Lower Quarry. 

Fig. 18.— Coelocaulus sp. (M.U.G.D. 2172), X 1, Upper Quarry. 

Fig. 19.— Actinopteria meridionalis, n.sp. Left valve of holotype (M.U.G.D. 2275), X 1-4, 
Upper Quarry. 

Fig. 20.—Rhombopteria anfractaviara n.sp. Left valve paratype (M.U.G.D. 2271), X 1-6 approx., 
Lower Quarry. 

Fig. 21.— Platyceras decorum n.sp. Holotype (M.U.G.D. 2173), X 2-5, lateral view, Lower 
Quarry. 

Fig. 22.— Orthonychia marblecreekensis n.sp. Lateral view of holotype (M.U.G.D. 2171), 
X 1, Lower Quarry. 

I" igs. 23-25. Conocardium angclicum n.sp. Right valve, oblique right valve and ventral views 
of holotype (M.U.G.D. 2277), X 1 4 approx., Upper Quarry. 

Figs. 26, 27.—Platyceras frirotundolobatum n.sp. Lateral and anterior-dorsal views of holotype 
(M.U.G.D. 2168), X 1, Lower Quarry. 

Figs. 28, 29.—Orthonychia pentalvea n.sp. Lateral and dorsal views of holotype (M.U.G.D. 
2170), X 1, Lower Quarry. 

Figs. 30, 31. Pterinea concentrilamellata n.sp. Counterparts of right valve of holotype 
(M.U.G.D. 2273 and 2274 respectively), X 1-4 approx., Lower Quarry. 
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SILURO-DEVONIAN BRACHIOPODS FROM MARBLE CREEK, 
THOMSON RIVER, VICTORIA 

By John A. Talent 
[Read 9 June 1955] 

Abstract 

Seven new species of brachiopods are described from two small crinoidal limestone deposits 
on the Thomson River, Victoria. The age is considered to be probably late Upper Silurian. 
A brief discussion of the paleoecology is included. 

Relationships of the Brachiopod Fauna 

Thomas (1942) has discussed the sequence in the Walhalla synclinorium and 
regards the Walhalla Group as Devonian, the underlying Pcmenka beds being 
regarded as probably equivalent to Upper Ludlow in age. The characteristic basal 
conglomerates and lenticular limestones of the Walhalla Group outcrop in an 
approximately meridional belt running through Cooper’s Creek, and are repeated 
by folding at Deep Creek some miles further east. The Marble Creek limestone 
lenses occur about five miles south of the Deep Creek limestone along the general 
strike and are consequently considered to be of approximately equivalent age. The 
two crinoidal limestone deposits have been described by Kitson (1925), but no 
brachiopods have been previously recorded from either deposit. The brachiopod 
faunas described are as follows: 

Upper 

Dicaelosia biloba (Linnaeus) 

Leptaena thomsonensis n.sp. 

Pugnax brevicostatus n.sp. 

Uncinulus globosus n.sp. 

Rhynchotreta sp. 

Atrypa thomsonensis n.sp. 

Lower Quarry 

Orthostrophia sp. Atrypa thomsonensis n.sp. 

Leptaena thomsonensis n.sp. Atrypa sp. 

Gypidula pelagica (Barrande) Howellella sp. 

Practically no extended correlative value can be attached to the occurrences of 
species of Atrypa and Leptaena. Except for Barrande’s Orthis dimcra there appears 
to be no attested case of a post-Gedinnian occurrence of species of Dicaelosia. 
Uncinulus globosus is closest to the Gedinnian U. nucleolatus (Hall) from the New 
Scotland of North America. Rhynchotreta is generally regarded as exclusively 
Silurian and Pugnax as post-Silurian. The pentamerid has been referred to Gypidula 
pelagica (Barrande) from the e2 (Ludlow) of Bohemia. Ambocoelia minuta is 
more closely comparable with A. praecox Kozlowski from the Middle Borszczow 
(uppermost Ludlow) of Poland than with later species of Ambocoelia. Howellella 
cf. gibbosa (Barrande) occurs in the e2 of Bohemia, but the determination is pro- 
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Quarry 
Atrypa sp. 

Howellella lirata n.sp. 

Howellella latisulcata n.sp. 
Howellella cf. gibbosa (Barrande) 
Ambocoelia minuta n.sp. 
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visional and future material will probably result in the erection of a new species. 
Hnwellella lirata is comparable to Upper Silurian and Gedinnian species of 
Howellella from other parts of the world. 

No close comparison can be drawn between these two small faunas and any 
previously described Australian Siluro-Devonian brachiopod fauna.. However, the 
overall aspect is Upper Silurian or Lower Devonian with a definite bias towards 
Silurian (Ludlow) rather than Lower Devonian (Gedinnian). It appears unlikely 
that a post- Gedinnian age can be assigned to the faunas. 

Paleoecology 

Although crinoid plates and stems occur to the virtual exclusion of all other 
forms, associates that do occur cover a wide variety of invertebrate classes. The 
following table shows the approximate number of genera and frequency of occurrence 
of each group in the two limestone lenses: 



Total 

Genera 

Lower Quarry 

Upper Quarry 

Genera 

Frequency 

Genera 

Frequency 

Coelenterata 






Stromatoporoidea 

2 + 

2 + 

r 

2 + 

c 

Tetracoralla 

4 + 

3 + 

o 

2 

r 

Tabulata 

4 

3 

o 

2 

o 

Pelmatozoa 






Cystoid cups * .. 

1 

1 

r 

— 

— 

Crinoid cups 

6 + 

5 + 

r 

1 + 

r 

Bryozoa 

1 

1 

o 

1 

o 

Brachiopoda 






Pentameracea 

1 

1 

r 

— 

— 

Strophomenacea .. 

2 

l 

r 

2 

o 

Dalmanellacea 

2 

1 

r 

1 

r 

RhynchoneUacea ,. 

4 

1 

r 

3 

r 

Atrypacea 

1 

1 

r 

1 

r 

Spiriferacea 

2 

1 

r 

2 

c 

Gastropoda .. 

7 

6 

o 

4 

o 

Pelecypoda .. 

5 

— 

— 

5 

o 

Cephalopoda 

2 

1 

r 

1 

r 

Trilobita 

4 

2 

r 

2 

r 

Ostracoda 

2 



2 

o 


r = rare; o = occasional; c = fairly common. 


The most common non-pelmatozoan forms are the platyceratid gastropods. This 
crinoid-platyceratid association is probably a significant indication of a supro- 
phagous association such as examples described by Keyes (1889) of platyceratids 
living around and attached to the anal region of crinoids. 

In spite of a first appearance of jumbling, a close examination shows that there 
is very little evidence of post-mortem transportation of the fossil components of the 
two deposits. Pelecypods and brachiopods are more commonly articulated than 
disarticulated. The preservation of thin-shelled brachiopods and molluscs, delicate 
bryozoans, crinoid cups, and pelmatozoan columns up to 8 inches or more in 
length indicates a lack of strong wave or current action causing disarticulation or 
smashing of delicate structures. However, some water movement is inferred because 
crinoids depend on circulating water for their food supply. 
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The proportion of crinoid debris is so high that the sea floor at both localities 
is interpreted as having been composed almost exclusively of crinoid columns, with 
only occasional crinoid cups and non-pelmatozoan shells. Non-organic sediment is 
less than 1 per cent. Surrounding mudstones are virtually unfossiliferous, so the 
two limestone lenses can be pictured as resulting from the accumulation of debris 
from two crinoid meadows surrounded by a comparatively uninhabited muddy 
bottom. 

The presence of corals, crinoids, and rare cystoids indicates a minimum of 
turbidity, and the large number of classes represented suggests an approximately 
normal salinity. No definite information is available on depth or temperature because 
of the lack of close relationship of the brachiopods, crinoids and corals with living 
forms. 

Systematic Descriptions 

Superfamily Orthacea 

Family Plectorthidae Schuchert and Cooper, 1931 
Genus Orthostrophia Hall. 1883 
Orthostrophia sp. 

(PI. IX, fig. 9) 

A single convex, wider than long, orthoid brachial valve (M.U.G.D. 2080) 
from the lower Toongabbie quarry is tentatively referred to Orthostrophia. Median 
sinus commencing near the beak and extending to the anterior margin. Ornament 
of subangular, radial costellae, increasing by intercalation and bifurcation to at 
least 70 at the commissure. Length 12 mm., width 16-5 mm. Shell structure 
apparently impunctate. 

Superfamily Dalmanellacea 
Family Dicaelosiidae Schuchert and Cooper, 1931 
Genus Dicaelosia King, 1850 (equals Bilobites of many authors) 
Dicaelosia biloba (Linnaeus), 1767 

External morphology. Shell small, strongly bilobed, unequally biconvex, cardi- 
form, wider than long, the maximum width being in the anterior half. Hinge line 
short, less than half the maximum shell width. Lateral margins almost straight, 
diverging anteriorly at about 120° to each other. Anterior margin bilobed. 

Pedicle valve regularly convex from beak to anterior margin and approximately 
twice as deep as the brachial valve. Pedicle palintrope apsacline and higher than 
brachial palintrope. Median sinus deep, extending from near the beak to the anterior 
margin. Brachial valve feebly convex with a low palintrope and median sinus 
corresponding to, but less accentuated than, the sinus in the pedicle valve. Orna¬ 
mentation of very fine radial costellae crossed by growth lines of almost equal size. 

Internal structure. Unknown. 

Measurements. Only two specimens have been found, one of which (the smaller) 
is complete, the other being a single valve. Both specimens are from the upper 
quarry. 



(1) 

(2) 

Maximum length (mm.) 

41 


Length along median line (mm.) 

3 3 

— 

Maximum width (mm.) 

50 

approx. 8 


F 
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Discussion. Described forms of Dicaelosia range from Upper Ordovician to 
basal Devonian (Lower Helderberg) after which there is only one solitary case of 
of a form D. dimera which Barrande obtained from the Middle Devonian (gi) of 
Bohemia. Otherwise there appears to be no attested case of a post-Gedinnian find 
of Dicaelosia. 

The two specimens from the upper quarry bear no close resemblance to 
Barrande’s species, but are far more closely comparable to the Silurian D. biloba 
which ranges at least to the top of the Silurian. The material available was not 
sufficient to show significant differences from D. biloba and so the reference is 
somewhat tentative. 


Superfamily Pentameracea 
Family Pentameridae McCoy, 1844 
Sub-family Gypidulinae Schuchert, 1929 
Genus Gypidula Hall, 1867 
Gypidula pelagica (Barrande), 1879 
(PI. VIII, figs. 5-7) 

External morphology. Galeatiform with hinge line much less than the maximum 
width of the shell. Cardinal extremities well rounded. Lateral profile biconvex with 
pedicle valve having the greatest convexity. Anterior commissure sulcate. Pedicle 
valve with unequally bilobed median fold, not well defined posteriorly. Beak strongly 
incurved, concealing the delthyrium. Umbo strongly inflated. Brachial valve with 
rounded median sinus corresponding to the fold in the opposite valve. 

Internal structure. Interior of pedicle valve with narrow spondylium supported 
at first by a very short median septum. Interior of brachial valve virtually unknown, 
but etching of beak shows a close double track indicating discrete brachial supports. 

Measurements. M.U.G.D. 2078 has a length of 23 mm., width 25 mm., thickness 
16 mm. 

Distribution. Found only in the lower quarry. 

Discussion. The closest comparable described species is G. pelagica Barrande 
from the Silurian e2 of Bohemia. Although Barrande’s plates of G. pelagica cover 
more than one species, most of the illustrations could well be compared to the above 
species. The specimen illustrated by Barrande (1879) in Plate XXII, figs. 3a, b, d, 
and g is very close to the described specimen from Toongabbie. In the absence 
of detailed knowledge of the interior, and the close external similarity, no attempt 
has been made to erect a new species. 

Superfamily Strophomenacea 
Family Strophomenidae King, 1850 
Sub-family Rafinesquininae Schuchert, 1893 
Genus Leptaena Dalman, 1828 
Leptaena thomsonensis n.sp. 

(PI. VIII, fig. 8; PI. IX, fig. 5) 

External morphology. Shell moderately large, sub-rectangular to sub-semi¬ 
circular in outline, with auriculate cardinal extremities. Hinge line nearly straight. 
Pedicle valve with slightly convex visceral disc bearing about twelve irregular 
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sub-concentric rugae increasing in size away from the beak, the last one being 
abruptly deflected to form the trail. Bra-chial valve with almost flat visceral disc 
bearing about twelve sub-concentric rugae similar to those on the opposite valve. 
Ornamentation of fine, rounded, radiating costellae superimposed on the concentric 
rugae. Costellae averaging six per mm., increasing to ten or more costellae in the 
space of 1 mm. near the beak, and having as few as four costellae per mm. near the 
geniculation. 

Internal structure. Unknown. 

Measurements. The principal paratype (M.U.G.D. 2079) is 30 mm. wide and 
measures 115 mm. from beak to point of geniculation. 

Types. Holotype M.U.G.D. 2058; principal paratype M.U.G.D. 2079; other 
paratypes M.U.G.D. 2059, 2060. 

Distribution. Found in both quarries and in other limestones of the Walhalla 
Group. 

Discussion. Leptaena thomsonensis differs from L. rhomboidalis (Wilckens) 
in having a much shorter trail, being less quadrate in outline, and having weaker 
rugae. L. thomsonensis differs from the two Victorian species referred to Noto- 
leptaena by Gill (1951) in that it is without a dorsally deflected tongue. 


Superfamily Rhynchonellacea 
Family Camarotoechiidae Schuchert and Le Vene, 1929 
Genus Pugnax Hall and Clarke, 1893 
Pugnax brevicostatus n.sp. 

(PI. IX, figs. 1-4; Fig. 1) 

External morphology. Shell small, unequally biconvex, subpentagonal in outline 
wider than long, with maximum width anterior to midlength; posterolateral margins 
curved and meeting in an angular beak. Anterior commissure fairly strongly sinuous. 
Pedicle valve convex umbonally, the surface sloping with moderate rapidity to 
the posterolateral margins and gently to the anterolateral margins. Sinus broad 
extremely shallow, originating near midlength, and poorly defined except near the 
anterior margin. Sinus occupied by two angular plications and three equally angular 
grooves, there being no trace of the plications posterior of midlength. Lateral slopes 
marked by three or four incipient plications decreasing in size away from the sinus. 
Beak strong, sharply pointed, and projecting beyond that of the brachial valve 
Brachial valve strongly convex, regularly arched transversely and longitudinally. 
Fold broad, low, originating just posterior of midlength, and poorlv defined by 
furrows deepening towards the anterior margin. Fold occupied by three angular- 
plications separated by equally angular grooves, the plications extending further 
than those in the sinus of the pedicle valve. Lateral slopes marked by three or four 
very short, feeble plications. 

Internal structure. Pedicle valve with teeth supported by well developed dental 
lamellae. Brachial valve with two long, strong crura curving ventrally. Median 
septum absent. No trace of muscular impressions or cardinal process observable. 
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Fig. 1.—Series of four successive sections X 2 approximately through the 
beak of Pugnax brevicostatus. Distances shown are in mm. between each 
section. Specimen from Upper Quarry, Toongabbie Limestone, (cr. crura; 
d. dental lamellae; p. dental plate; t. teeth.) 


Measurements ( mm.). 

Holotype Sectioned 

(M.U.G.D. 2073) Specimen 

Length 7 8 8 7 

Width 8-7 10 2 

Thickness 5 8 69 


Only two specimens, both from the upper Toongabbie quarry, were available for 
measurement. Both displayed the same number of plications on fold, sinus and 
flanks. The sectioned specimen was somewhat higher in the fold than the holotype. 


Genus Uncinulus Bayle, 1878 
Uncinulus globosus n.sp. 

(PI. VIII, figs. 1-4) 

External morphology. Shell small, unequally biconvex, subcuboidal in shape, 
subpentagonal in outline, slightly higher and wider than long. Posterolateral mar¬ 
gins slightly concave and meeting in an acutely angular beak. Anterolateral margins 
well rounded. Anterior margin almost straight. Pedicle valve very strongly convex 
in lateral profile. Sinus broad, very shallow, originating slightly posterior of 
midlength. Lingual extension long, subrectangular and occupied by three strong 
medium-angular plications. Lateral slopes marked by about six plications decreasing 
in size away from the sinus. Beak strong, sharply pointed, and only slightly incurved. 
Braehial valve very strongly arched towards the anterolateral margin, moderately 
convex longitudinally, truncated at the front by the lingual extension of the opposite 
valve. Fold subrectangular in section, originating at about midlength, and occupied 
by four plications. Lateral slopes marked by six plications. 

Internal structure. Unknown. 

Measurements. The holotype has a length of 6 3 mm., width 71 mm., thickness 
6 8 mm. 

Tvpe. Holotype M.U.G.D. 2074. 

Discussion. Sufficient material was not available to investigate the interior. 
Uncinulus globosus is smaller than most species referred to Uncinulus. Externally , 
the closest resemblance is to the North American U. nucleolatus (Hall) from the 
New Scotland. 
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Sub-family Rhynchotrematinae Schuchert, 1913 
Genus Rhynchotreta Hall, 1879 
Rhynchotreta sp.indet. 

(PI. IX, fig. 6) 

External morphology. Small, subtriangular shell with maximum width anterior 
of midlength, acutely angular at the beak. Anterolateral margins well rounded. 
Anterior commissure gently sinuous. Surface coarsely costate, bearing about eight 
costae on each valve. Pedicle valve weakly convex longitudinally, more strongly 
convex in lateral profile. Beak strong, nearly straight, with margins forming an 
angle of about 80°. Sinus narrow, being delineated by the two coarse central 
costae. Brachial valve slightly more convex than the pedicle valve. 

Internal structure. Unknown. 

Measurements. The only available specimen (M.U.G.D. 2075) has a length of 
8 mm. approx., width 9 mm. approx., thickness 3 5 mm. 


Superfamily Atrypacea 
Family Atrypidae Gill, 1871 
Genus Atrypa Dalman, 1828 
Atrypa thomsonensis n.sp. 

(PI. X, figs. 1-3) 

External morphology. Shell subequally biconvex, subrounded in outline, slightly 
longer than wide. Hinge line obtuse. Anterior margin gently sinuous. Pedicle 
valve convex throughout and fairly regularly arched from the beak to the anterior 
margin. Sinus short, gently concave, poorly defined. Beak small, acute. Brachial 
valve more strongly convex transversely and longitudinally than the pedicle valve. 
Beak short, concealed by the opposite valve. Ornamentation of regular, rounded, 
radiating costae, separated by furrows of almost equal width. Costae averaging 18 
in the space of 5 mm. and increasing mainly by bifurcation with occasional inter¬ 
calation. Growth lines irregularly spaced and lamellose. 

Internal structure. Unknown. 

Measurements. Paratype (M.U.G.D. 2057) from the lower Toongabbie quarry 
has a length of 20 mm., width 19 mm., thickness 9 mm. A large exfoliated specimen 
from the upper quarry at Toongabbie (M.U.G.D. 2077) is 26 mm. wide. 

Types. Holotype M.U.G.D. 2076; paratypes M.U.G.D. 2057, 2061 (immature), 
2062 (immature). 

Distribution. Poorly preserved specimens have been obtained from both of the 
Toongabbie quarries. 

Discussion. Atrypa thomsonensis cannot be referred to A. reticularis (Linnaeus) 
to which so many Australian species of Atrypa have been erroneously referred in 
the past. Alexander’s (1949) revision of Atrypa reticularis shows that this form 
has seven costae in the space of 5 mm. whereas A. thomsonensis bears eighteen 
costae in an equal space. A. reticularis is wider than long, and has a less convex 
pedicle valve than A. thomsonensis. 
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Atrypa erectirostris Mitchell and Dunn from the Middle Devonian of New South 
Wales appears to have about thirteen costae in the space of 5 mm., as well as having 
a more accentuated pedicle beak. A. pulchra Mitchell and Dunn from the Silurian 
of New South Wales is smaller and proportionally thicker than the new species, 
and has a reticulate surface ornament. 

Atrypa spp.indet. 

At least two species of Atrypa are represented among material collected from 
both quarries. Both species have coarser costae than A. thomsonensis but were 
unsatisfactory for description or figuring. 


Superfamily Spiriferacea 
Family Spiriferidae King, 1846 
Sub-family Delthyrinae Waagen, 1883 

Genus Howellella Kozlowski, 1946 (equals Crispella Kozlowski, 1929) 

Howellella lirata n.sp. 

(PI. X, figs. 4-7; Fig. 2) 

External morphology. Small, subequally biconvex, spiriferoid-shaped shell with 
non-plicated sinus, and plicated slopes bearing five or six strong, subangular, simple 
plications separated by more rounded grooves, the size of the plications decreasing 
towards the rounded cardinal extremities. Pedicle valve moderately convex and 
arched regularly from the beak to the anterior and lateral margins. Sinus shallow, 
well rounded, approximately one-third the width of the shell, and extending from 
the beak to the anterior margin. Beak incurved over a moderately arched, well 
delineated, apsacline palintrope. Delthyrium wider than high and open to the apex. 
Brachial valve moderately arched transversely and longitudinally. Fold well defined, 
rounded, extending from the beak to the anterior margin, and bearing a faint median 
depression. Beak small and incurved over a very low palintrope. Ornamentation 
seen only on very well preserved material. Concentric growth lines spaced at about 
15 lines per mm., crossed by fine radial threads spaced at 10 to 15 threads per nun., 
giving a reticulate appearance to the surface. Best preserved material showing fine 
spines developed at the intersection of radial and concentric ornament. Pedicle 
palintrope coarsely striated parallel to the cardinal margin and occasionally very 
finely striated longitudinally. 

Internal structure. Pedicle valve with strong hinge teeth supported by dental 
lamellae diverging rather strongly from the delthyrial margins and extending a 
short distance along the floor of the valve. Median septum absent and muscle scars 
not preserved in any of the material available for study. Brachial valve with long, 
well developed dental sockets. Crura supported by strong crural liases converging 
towards the beak and uniting to form a median block supporting the cardinal process. 
Cardinal process with surface in the form of a comb. Spiralia consisting of about 
ten turns in a specimen 13 5 mm. wide. Muscular impressions not seen in any of 
the material available for study. Shell fairly thin and finely fibrous. 

Measurements. Most of the available material broke out as single valves which 
did not lend themselves to measurement. However, three complete specimens were 
measureable. 
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Fig. 2.—Series of nine successive sections X 2-5 through the beak of Howelletta lirata at right 
angles to the plane of the commissure. Distances shown are in mm. from the preceding section. 
Specimen from the Upper Quarry, Toongabbie Limestone, (c. crura; c.b. crural bases; c.p. 
cardinal process; d. dental lamellae; s. dental sockets; t. teeth.) 



Length of 
Pedicle valve 

Width 

Thickness 

Width of fold 

Holotype 

9-7 mm. 

16-8 mm. 

7 0 mm. 

5-5 mm. 

Paratype 

9-5 mm. 

14 0 mm. 

6-8 mm. 

5-6 mm. 

Sectioned specimen 

11-5 mm. 

13 • 5 mm. 

7-2 mm. 

6-0 mm. 


Types. Holotype M.U.G.D. 2066; principal paratype M.U.G.D. 2067; addi¬ 
tional paratypes M.U.G.D. 2068, 2077, 2228, 2229. 

Distribution. Hozvellella lirata is generally fairly rare throughout the limestone 
of the upper quarry, but is common in small patches. Only one small specimen has 
been found in the lower quarry. 

Discussion. Hozvellella lirata is assigned to Hozvellella Kozlowski (1946) on 
the basis of external morphology and internal structure. Delthyris Dalman (1828) 
and Mauispirifer Allan (1947) both have a median septum in the pedicle valve, 
although this structure is small in the case of Mauispirifer. Hysterolites mercuri 
and Hysterolites hystericus both have a median septum in the brachial valve. Con¬ 
sequently Hozvellella lirata, which lacks a median septum in both valves, can be 
readily distinguished from these forms. Mauispirifer hectori and Hysterolites hys¬ 
tericus both bear more lateral plications than Hozvellella lirata. Hysterolites mercuri 
shows a combination of concentric and radial ornament vaguely like Hozvellella 
lirata whereas Mauispirifer hectori is ornamented by radial threads which do not 
appear from Allan’s description and illustration (1947, pp. 445-446 and PI. 62, 
fig. 6) to be regularly crossed by almost concentric growth lines with development 
of spines at the intersections. 

Comparison of Fig. 2 with illustrations of the structure of Hozvellella crispa and 
Hozvellella angustiplicatus given by Kozlowski (1929, pp. 191 and 193) allow ready 
separation of Hozvellella lirata. Hozvellella henryhousensis Amsden and Hozvellella 
vanuxemi (Hall) have less lateral plications than the new species. 
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HowelleUa latisulcata n.sp. 

(PI. X, figs. 8-9) 

External morphology. Subequally biconvex, spiriferoid-shaped shell with non- 
plicated fold and sinus and plicated slopes bearing five to seven strong, angular, 
simple plications separated by subangular grooves decreasing in size towards the 
cardinal extremities. Pedicle valve moderately convex and arched regularly from 
the beak to the anterior and lateral margins. Sinus shallow, fairly flat, approximately 
half the width of the shell, and extending from the beak to the anterior margin. 
Beak moderately incurved over the well-delineated apsacline palintrope. Delthyrium 
apparently open to the apex. Brachial valve moderately arched transversely and 
longitudinally. Fold well defined, subrectangular in cross-section, extending from 
the beak to the anterior margin and bearing a median depression. Beak small. 
Ornamentation of concentric growth lines spaced at about 20 lines per mm. crossed 
by radial lines spaced at about 12 lines per mm., resulting in a reticulate surface 
pattern. Fine spines seen on the holotype. Pedicle palintrope coarsely striated 
parallel to the cardinal margin and very finely striated longitudinally. Shell fairly 
thin and finely fibrous. 


Internal structure. The pedicle valve contains two moderately strong dental 
lamellae and is without a median septum. Insufficient material was available to 
investigate the interior of the brachial valve. 


Measurements 

valves. 

(min.). All the 

available material 

consisted of 

disarticulated 


Length of 
brachial valve 

Length of 
pedicle valve 

Width 

Width of 
fold or sinus 

Holotype 

11 2 

— 

14 4 

7^8 

Paratype 

— 

12-9 

17 3 

9-3 


Types. The holotype M.U.G.D. 2069a is a brachial valve; part.of its counterpart 
is stored as M.U.G.D. 2069b. Paratype is a pedicle valve, M.U.G.D. 2070. 

Distribution. Howellella latisulcata has so far been found only in the upper 
quarry. 

Discussion. HowelleUa latisulcata differs morphologically from HowelleUa lirata. 
H. latisulcata is larger, has a wider median fold and sinus, and more angular lateral 
plications than H. lirata. None of the forms assigned to HowelleUa (or Crispella ) 
in the literature has such a wide sinus as is seen in H. latisulcata. 

Howellella cf. H. (?) gibbosa (Barrande, 1879) 

External morphology. Small, biconvex, spiriferoid-shaped shell with non-plicated 
fold and sinus and plicated slopes bearing two very strong simple plications separated 
by deep rounded grooves. Sinus deep, well-rounded; fold correspondingly high, 
well-rounded, without any median depression. Ornamentation not visible on any 
of the material available. Shell finely fibrous. 

Internal structure. Not deducible from the fragmentary material available. 

Measurements. A complete specimen would have the following very approximate 
dimensions: Length 8 mm., width 10 mm. 

Distribution. Howellella cf. H. ( ?) gibbosa has been found only in the upper 
quarry. 
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Discussion. The material available for study consists of two fragments stored 
as M.U.G.D. 2071 and 2081. The pieces each average half a valve in size but are 
insufficient for detailed study. Forms referred by Barrande to Spirifer insocius, 
S. tiro and S. gibbosus all have two plications on each flank but only the last appears 
to show r lateral plications as strong as those shown by the material available. 

Howellella sp.indet. 

A small pedicle valve of an indeterminate species of. Hozvellella bearing two 
weak lateral plications has been collected from the lower Toongabbie quarry. 

Sub-family Ambocoeliinae George, 1931 
Genus Ambocoelia Hall, 1860 
Ambocoelia minuta n.sp. 

(PI. IX, figs. 7-8) 

External morphology. Very small, oval, smooth shell with very unequally 
biconvex valves, the pedicle valve being much deeper and longer than the brachial 
valve. Hinge short. Pedicle valve very deep and arched regularly from beak to 
anterior and lateral margins. Beak strong and incurved over a wider than high open 
delthyrium. Brachial valve feebly convex, subpentagonal in outline, but always 
wider than long. Beak very small. Palintrope very low but definite. Ornamentation 
unknown. 

Internal structure. Two strong teeth in the pedicle valve are prolongations of 
the internal margin of the delthyrium. Dental sockets fairly strong. Spiralia com¬ 
posed of four or five turns. Muscular impressions unknown. 

Measurements (mm.). Holotype (M.U.G.D. 2072)— 


Length of pedicle valve 8 2 

Length of brachial valve 7 5 

Width 8-5 

Thickness 4 8 


Distribution. Only two specimens of Ambocoelia minuta were available. Both 
were from the upper Toongabbie quarry. The smaller of the two, being badly 
broken, was sectioned to give data on internal structure. 

Discussion. Ambocoelia minuta is nearer A. praecox Kozlowski from equivalents 
of the uppermost Ludlow (middle Borszczow) than with later forms such as 
A. umbonata (Conrad), A. pentagonaUs Termier and Termier, A. planoconvexa 
(Shumard), or A. nana■ Kindle, from all of which it can be distinguished by outline 
and the relative convexity of the brachial valve. A. praecox is smaller and propor¬ 
tionately thicker than A. minuta. 
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Explanation of Plates 

Plate VIII 

Figs. 1-4 .—Uncinulus globosus n.sp. Pedicle, lateral, brachial, and anterior views of holotype 
(M.U.G.D. 2074), X 6. Upper Quarry, Toongabbie Limestone, Victoria. 

Figs. 5-7 .—Gypidula cf. pelagica (Barrande). Pedicle, lateral and brachial views of M.U.G.D. 

2078, X 2. Lower Quarry, Toongabbie Limestone, Victoria. 

Fig. 8 .—Leptaena thomsonensis n.sp. Paratype (M.U.G.D. 2060), X 2-5, showing concentric 
and radial ornament. Upper Quarry, Toongabbie Limestone, Victoria. 

Plate IX 

Figs. 1-4 .—Pugnax brerncostaius n.sp. Brachial, pedicle, lateral and anterior views of holotype 
M.U.G.D. 2073, X 4. Upper Quarry, Toongabbie Limestone, Victoria. 

Fig. 5 .—Leptaena thomsonensis, n.sp. Brachial view of principal paratype M.U.G.D. 2079, X 2. 

Upper Quarry, Toongabbie Limestone, Victoria. 

Fig. 6 .—Rhynchotreta sp.indet. Brachial view of M.U.G.D. 2075. Upper Quarry, Toongabbie 
Limestone, Victoria. 

Figs. 7, 8 .—Ambocoelia minuta n.sp. Pedicle and posterior views of holotype M.U.G.D. 2072, 
X 5. Upper Quarry, Toongabbie Limestone, Victoria. 

Fig. 9 .—Orthostrophia sp. Cast of pedicle valve M.U.G.D. 2080, X 2. Lower Quarry, Toon¬ 
gabbie Limestone, Victoria. 


Plate X 

Figs. 1-3 .—Atrypa thomsonensis n.sp. 1. — Paratype M.U.G.D. 2057, X 2, pedicle view. 2, 3. — 
Pedicle and posterior views of holotype M.U.G.D. 2076, X 2-3. Both specimens 
from the Lower Quarry, Toongabbie Limestone, Victoria. 

Figs. 4-7 . — Howellella lirata n.sp. Pedicle, brachial, anterior, and posterior views of holotype 
M.U.G.D. 2066, X 3-5. Upper Quarry, Toongabbie Limestone, Victoria. 

Figs. 8-9 . — Howellella latisulcata n.sp. 8. — Brachial valve holotype M.U.G.D. 2069, X 3. 9.- — 
Pedicle valve paratype M.U.G.D. 2070, X 3. Both specimens from the Upper 
Quarry, Toongabbie Limestone, Victoria. 
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Introduction 

The town of Casterton is situated in the valley of the Glenelg River in south¬ 
western Victoria, 224 miles by road from Melbourne. The area to be described lies 
to the north of Casterton and occupies the south-western corner of the County of 
Dundas (Locality map, Fig. 4). This area, at an average elevation of about 600 ft., 
forms a part of the Dundas Tabelands (Boutakoff, 1952) and is in the process of 
dissection by streams which flow south-westerly to join the Glenelg River. 
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Early references to the metamorphic rocks of this area were made by Dennant 
(1885), who recorded grey slates at Roseneath* and green serpentine rocks at the 
Hummocks, a mile north-west of Wando Vale. Dennant also gave brief descriptions 
of granitic rocks from Harrow, Dergholm, Wando Vale and Carapook in 1893. 
Metamorphic rocks in Upper Steep Bank Rivulet were observed by Ferguson 
(1894, p. 59), who suggested that these were older than and unconformable to the 
slates of Nolan Creek a few miles further west. In this he was supported by 
Stirling (1898), who traversed the area from east to west and noted the rather 
abrupt passage from biotite schists to slates. In 1912 Dunn advanced the suggestion 
that the schists in the gorge of the Wando River, ten miles north-east of Casterton. 
actually represented Ordovician rocks metamorphosed by adjacent granites, but 
fossil evidence of the age of the slates had not been obtained. 

A Geological Camp was conducted in the district in 1914 and the physiography 
of the area, investigated during this camp, has been described by Fenner (1918). 
Some additional detail on the metamorphic rocks is provided by Krause (1886) 
and by Skeats (1909 and 1935). 

General Geology 

The metamorphic and granitic rocks of this area, for which the general name 
Glenelg River Complex is proposed, are for the greater part concealed beneath 
younger deposits, which, although they have not been studied in detail, have been 
mapped in the field (Fig. 5) and are described briefly below. The metamorphic 
rocks, which include both sedimentary and igneous types, have been traced through 
a series of zones marked by the successive development of biotite, almandine and 
staurolite in pelitic and dolomitic pelitic rocks. Although the prevailing strike 
(NW-SE) does not permit individual beds to be followed through successively 
higher metamorphic grades, broad rocks groups can be recognized throughout the 
zones. 

A. Sedimentary Rocks of the Glenelc. River Complex 

i. Pelitic and Psammitic Rocks 

Slate. Grey laminated slates, which weather typically to yellow and are com¬ 
monly spotted with limonite after pyrite, are found in the valley of the Glenelg 
River, extending north from Roseneath Homestead for four miles. South-east of 
Roseneath, slates outcrop along the Glenelg River for two miles, beyond which they 
are obscured by Jurassic sediments. Further to the east, lustrous black slates in 
Steep Bank Rivulet a mile west of the biotite isograd dip steeply to the south-west 
and occasionally show graded bedding. Here the slates are interbedded with narrow 
bands of quartz-graywacke, and further to the north-east give place to dolomitic 
slates. At Retreat Homestead on the Glenelg River, fine-grained laminated slates 
are composed largely of sericite flakes and quartz grains (No. 7795). ( Numbers 
refer to thin sections in the collection of the Geology Department of the University 
of Melbourne.) 

Gravwacke. A quartz-graywacke formation of the order of 2000 ft. in thickness 
strikes across the area in a NW'-SE direction. In the gorge of Harvesters Creek 
graded beds reach a thickness of 1 ft. and have almost vertical dip. This grading 
maintains a constant south-west facing across the formation. Joints in the gray- 
wacke dip at a low angle to the south-east. Where the southern boundary of the 
formation can be observed, as at a locality three miles east of Dergholm, it appears 
to be a normal contact. 

* Roseneath is 5 miles SSE of Dergholm. 
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The quartz-graywackes are free from lithic fragments, and thin coarser layers 
contain flakes of muscovite up to 2 mm., with sub-angular grains of microline, 
oligoclase, strained quartz and rare calcite in a matrix of quartz, chlorite and sericite. 
Apatite, zircon and brown tourmaline are accessory (Nos. 7798, 7799). Calcite 
becomes more prominent in the finer layers of the graded beds. 

Narrow bands of similar quartz-graywacke are intercalated with slates further 
to the north-east in Steep Bank Rivulet. Here, however, they show cataclastic 
textures such as undulose extinction, while deformation lamellae in quartz have 
been produced in a vein which traverses section No. 7806 (PI. XI, fig. 1). Thin 
beds of lithic graywacke are interbedded with slates at locality 38.2, 75.8*, and 
contain sub-angular volcanic rock particles up to 1 mm. accompanied by grains of 
twinned- and chequer-albite, a little biotite and epidote and possible chert particles. 

Quartzite. Bedded chert has not been found in the area but narrow lenses of 
microcrystalline quartzite, at the most a foot in width, accompany dolomitic slates 
jn Mitchell’s Creek and may possibly represent original cherts (e.g. No. 7803). 
Similar rocks are found at a higher metamorphic grade interbedded with biotite 
schists in the road cutting on Cashmere Hill. 

Biotite-muscovite phyllite. Pelitic and semi-pelitic rocks have a wide occurrence 
to the north-east at higher metamorphic grades, but metamorphic equivalents of 
the major quartz graywacke formation are not clearly recognizable. The entry of 
biotite, which marks the position of the biotite isograd, takes place in slates which 
are dolomitic. Also within the biotite zone biotite-muscovite phyllites represent 
aluminous slates while biotite-niuscovite-quartz schists correspond to silicious pelites 
or. to rocks in which narrow pelitic and psammitic bands occurred side by side. 

Biotite-muscovite phyllites outcrop in Mitchell Creek, half a mile east of the 
biotite isograd, and contain porphyroblasts of brown biotite reaching 0 25 mm. 
interleaved with chlorite in a matrix of sericite flakes disposed parallel to the 
bedding (Nos. 7827, 7828). 

Biotite-muscovite-quartz schist. Biotite-muscovite-quartz schists low in the 
biotite zone in Steep Bank Rivulet contain narrow sedimentary laminae of quartz 
which alternate with bands composed of muscovite and biotite (No. 7829). At a 
higher metamorphic grade in Vines Creek weathered biotite schists (No. 7830) are 
made up of biotite and quartz with a little chlorite and muscovite. Biotite-quartz 
schists containing a little muscovite outcrop among the intrusive rocks in the gorge 
of the Wando Vale Ponds at the Hummocks. 

To the north-east of the southern intrusion of Wando Granodiorite biotite- 
muscovite-quartz schists are exposed in the valley of the Wando River. Here 
biotite flakes reach 0T5 mm. and define a pronounced schistosity. Quartz, and a 
little brown tourmaline are the remaining constituents, with muscovite occasionally 
appearing as prophyroblasts set across the schistosity plane. Lenticular quartz 
veins follow the schistosity surface (Nos. 7832, 7833). A higher proportion of 
quartz is found in psammitic schists intercalated with biotite schists in Mitchell 
Creek, where biotite and muscovite make up only about 10 per cent of the rock. 
The mineral chloritoid may be expected in rocks of the albite-epidote amphibolite 
and greenschist facies which have compositions similar to rocks carrying staurolite 
at higher grades, but no chloritoid was found in the district. 

* Localities are expressed as grid references to map, Fig. 5. 
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THE HUMMOCKS - WANDO VALE 

CHLORITISED 


ALLUVIUM EE) 

JURASSIC MUDSTONE YA 

CHLORITE AND BIOTITE SCHIST*^ 
ANTIGORITE SERPENTINITE |X| 
TALC SCHIST ftTTl 

CHLORITE-MAGNETITE ROCK \ 
OUARTZ PORPHYRITE 
ALBITITE A 

META DOLERlTE \ 

STRIKE AND DIP OF SCHISTOSlTY 
PROBABLE FORMATION BOUNDARY--. 

. 10 CHS. . 


Fig. 1.—Rock distribution in the gorges of the Wando River and the Wando Vale Ponds 
at the Hummocks. Inset: Talc deposit type steatitization of ultra-basic rocks. 


Biotite-muscovite-quartz schists which may also contain plagioclase are widely- 
distributed in the area to the north-east of the northern intrusion of the Wando 
Granodiorite and although no close examination of these has been made, they 
probably lie within the chlorite-biotite subfacies. These rocks are found in the 
upper parts of Boundary Creek, the Wando River and Robertson Creek. 

Andalusite-biotite-niuscovite-quarts schist. A sporadic development of anda- 
lusite is found within the biotite zone but is a more common feature of higher grade 
rocks. At locality 42.0, 79.0, biotite schists contain conspicuous porphyroblasts of 
andalusite which reach a length of 3 cm. and stand out with random orientation from 
the weathered schistosity surfaces of the outcrops. In thin section (Nos. 7835, 
7835A) colourless andalusite containing carbonaceous matter is partly replaced by 
sericite (PI. XI, fig. 2). The groundmass consists of quartz and biotite with 
subordinate muscovite. Porphyroblasts of chlorite up to 0 9 mm., secondary after 
biotite, contain needles of rutile and relict pleochroic haloes. 

Almandine-biotite-quarts schist. As pelitic rocks are followed in a north-easterly 
direction red garnet makes a sudden appearance in Vines Creek, the Wando River, 
Beauty Creek, and in Robertson Creek further to the south-east. Although the 
chemical composition of the mineral is not known, its abundance and the fact that 
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the plagioclase in associated rocks is more basic than albite suggest that the garnet 
is almandine and not a manganiferous variety proper to a lower metamorphic grade. 
The width of the almandine zone is, however, restricted by the entry of staurolite 
soon after that of almandine. 

Yellow-brown schists in Mitchell Creek, at locality 39.8, 82.0, contain garnet 
crystals a little more than 1 mm. in diameter and readily visible in the hand 
specimen. Staurolite is absent, and these rocks are adjoined to the south-west by 
biotite schists free from garnet. In thin section No. 7885 idioblastic garnet, brown 
biotite and chlorite are contained in a groundmass of quartz and plagioclase granules, 
the plagioclase occasionally twinned. 

Staurolite schist. Schists which contain staurolite are restricted, as far as is 
known, to two localities situated in the valleys of Vines Creek and the Wando 
River. These are taken to define the south-western boundary of the staurolite zone, 
but the higher grade index minerals kyanite and sillimanite were not found in the 
district. 

In specimens from Vines Creek (Nos. 7874, 7875) porphyroblasts of staurolite, 
pleochroic from pale yellow to deep yellow and sieved with quartz, average 15 mm. 
in length and are partially replaced by sericite. Subidioblastic almandine reaches 
1 mm. and is associated with muscovite and biotite. The groundmass is a grano- 
blastic mosaic of quartz and a little untwinned plagioclase. In some cases the 
replacement of staurolite by sericite has been complete and the presence of staurolite 
rather than of andalusite can be inferred only by the sieved nature of the original 
crystal. These specimens contain the assemblage plagioclase-muscovite-staurolite- 
almandine-biotite-quartz. 

Schists containing the assemblage staurolite-almandine-biotite-quartz are found 
in the Wando River at locality 42.6, 79.5. In section No. 7876 relics of staurolite 
surrounded by sericite (PI. XI, fig. 3) are accompanied by almandine and biotite in 
a groundmass of xenoblastic quartz and a little brown tourmaline. 

Staurolite schists without almandine are represented by section No. 7877, a 
muscovite-staurolite-quartz-biotite schist. 

Andalusite schist. Within the staurolite zone almandine-biotite-andalusite schists 
and rocks consisting essentially of andalusite and sericite are found in the Wando 
River area and in Robertson Creek but andalusite-staurolite schists have not been 
encountered. 

Prisms of andalusite reach a length of 3 cm. in a specimen of coarse andalusite- 
sericite rock, No. 7878. In thin section radiating flakes of sericite surround relics 
of colourless andalusite. Chlorite, muscovite, quartz and iron ores are present in 
subordinate quantities. Porphyroblasts of andalusite in golden brown garnet schists 
from the bed of Boundary Creek, south-east of Wando Homestead, have been 
largely replaced by sericite. Only a few small relics of andalusite remain and 
biotite is in the process of replacement by chlorite and rutile. A little muscovite is 
present in the quartz mosaic. 

In the gorge of Robertson Creek in the south-east of the area a strip of 
garnetiferous pelitic schists includes andalusite schists in which the andalusite again 
occurs as scattered relics surrounded by sericite (No. 7880). 

2. Calcareous and Dolomitic Rocks 

Argillaceous dolomitic limestone. Slates containing carbonate minerals were 
recorded from this area by Ferguson (1894, p. 59), who drew attention to “two 
bands of shaly marble” in Nolan Creek. Low-grade carbonate rocks grading from 
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impure dolomitic limestones to dolomitic slates outcrop widely to the east of Nolan 
Creek and were also found two miles north-west of Roseneath Homestead, where 
dark grey argillaceous dolomites occur, consisting of dolomite grains reaching 0 01 
mm. in diameter, accompanied by sericite, quartz and a little brown tourmaline. 

Dolomitic slates similar to the rocks of Nolan Creek outcrop in the bed of 
Mitchell Creek and in Steep Bank Rivulet. These rocks are laminated, with 
dolomite-quartz bands alternating with darker bands of chlorite and opaque matter, 
and have been tightly folded. A lustrous cleaved dolomite from Steep Bank Rivulet 
(No. 7804) contains quartz grains and shreds of sericite which define the cleavage 
direction. The rock is veined with quartz and contains a few’ cubes of pyrite. 

As the grade of metamorphism increases, biotite flakes develop to produce 
lustrous dolomitic phyllites. The early growth of biotite is illustrated in section 
No. 7823, in which biotite flakes reach a length of 0 06 mm. The remainder of the 
rock consists of grains of quartz and dolomite which rarely exceed 0 03 mm. in 
diameter, and are associated w’ith sericite, chlorite and accessory apatite. The 
enlargement of biotite flakes in dolomitic phyllites is represented in sections Nos. 
7824 and 7825. Calcite accompanies the dolomite in rock No. 7825. 

Calc-biotite schist ( No . 7826). Banded calc-biotite schists are found high in 
the biotite zone near the head of Deep Creek, where they are interbedded with 
pelitic biotite-quartz schists. Bands consisting essentially of biotite and a little quartz 
alternate with bands of recrvstallized calcite grains which appear lozenge-shaped 
in sections cut in the plane normal to the fold axis. Quartz accompanies the calcite 
to the extent of about 20 per cent. 

In this rock, originally a chloritic calcareous shale, epidote has not been produced, 
although the proportion of biotite is quite significant (Harker 1937, p. 261). 

Actinolite schist. Although the most common actinolite-bearing rocks in the 
area have been derived from basic intrusives, there are examples of sedimentary 
schists containing actinolite. These are characterized by banded textures and by 
abundant quartz. They can occasionally be seen to pass laterally into sedimentary 
biotite-muscovite-quartz schists. These rocks resemble the hornblende garben- 
schiefer and contain bladed crystals of actinolite in stellate arrangements as a result 
of mimetic crystallization. Where the groundmass is in part felspathic and the 
rocks occur in the vicinity of basic intrusives, ambiguous cases arise and actinolite 
schists may then represent narrow intrusives or sedimentary rocks in which tuf- 
faceous material was present. 

Sedimentary actinolite schists do not make their appearance until the top of the 
biotite zone is reached. Laminated actinolite-biotite-quartz schists from the south 
bank of the Wando River (No. 7837) contain bands of quartz and biotite with 
intervening bands composed of biotite and green actinolite whose bladed crystals 
reach 2 mm. Sphene is accessory’. At this locality actinolite rocks grade into 
biotite schists and the sedimentary nature is beyond doubt. 

Hornblende garbenschiefer, in which groups of radiating actinolite prisms are 
set in a granoblastic quartz groundmass containing apatite and sphene, are repre¬ 
sented by the sections Nos. 7840 and 7841. The prisms of amphibole may reach 
0 5 cm. and in the latter section sericitized plagioclase occurs in the groundmass. 

The presence of minerals of the epidote group gives rise to such rocks as 
hornblende-clinozoisite-quartz schist (No. 7842). Quartz-rich layers alternate w’ith 
darker layers of clinozoisite and green hornblende, and occasionally with bands of 
clinozoisite alone. 
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These schists have evidently arisen from impure arenaceous rocks containing 
calcite and chlorite (Harker 1937, p. 270). 

Hornblende-quarts shist. Dense schistose rocks composed very largely of horn¬ 
blende outcrop in the Wando River at the position of the almandine isograd. 
Hornblende porphyroblasts, sieved with quartz and sphene, are contained in a 
groundmass of quartz, muscovite, apatite and sphene with occasional biotite and 
iron ore (Nos. 7868, 7869). Although distinct bedding could not be traced at this 
locality, the rocks are regarded as derivatives of calcareous sediments and related 
to the actinolite-biotite schists described above. 

Similar rocks can be recognized at higher grades. At locality 42.9, 79.5, in the 
Wando River hard bluish-grey banded hornblende schists are veined with recrystal¬ 
lized calcite. A plagioclase amphibolite from this locality contains hornblende and 
iron ores on the one hand and xenoblastic quartz and untwinned plagioclase on the 
other in bands 5 mm. in thickness. Sphene, biotite, chlorite and apatite are accessory 
(Nos. 7890, 7891). These schists are regarded as sediments on account of their 
banded textures and the abundance of biotite which they contain. A strip of similar 
rocks outcrops to the west of Robertson Creek at locality 46 5, 75 0. 

Hornblende-garnet schist. Garnetiferous hornblende schists are found at only 
one locality (45.3, 78.5). Here a laminated sedimentary schist contains the assem¬ 
blage plagioclase-hornblende-almandine-biotite-quartz. Biotite flakes and bladed 
crystals of sieved hornblende are associated in a groundmass of quartz, untwinned 
plagioclase and sphene. Garnet'idioblasts reach 15 mm. in diameter and contain 
inclusions of biotite and hornblende (No. 7893). 

Diopside calc-silicate rocks. In the highest metamorphic grades impure dolomitic 
limestones are represented by hard calc-silicate rocks without schistosity. The most 
extensive outcrops are found in the gorges of Robertson Creek and Corea Creek. 
Rocks of a similar type have been reported in the metamorphic complex of north¬ 
eastern Victoria and southern N.S.W. by Joplin (1942, p. 171) and by Tattam 
(1929, p. 27). 

Diopside is the characteristic mineral in calc-silicate rocks from the Casterton 
area. The simplest group consists of diopside, quartz and plagioclase. A hard 
greenish-grey rock without banding from Robertson Creek (No. 7894) contains 
about 20 per cent of colourless diopside as scattered xenoblastic grains in a mosaic 
of quartz and partly sericitized andesine with accessory sphene. 

A little green hornblende may enter in rocks of this type. Section No. 7896 
contains seams of biotite and hornblende which alternate with seams of hornblende 
and diopside. The groundmass contains in each case quartz and medium andesine 
with accessory sphene. 

Orthoclase is prominent in quartz-plagioclase-diopside rocks and also in rocks 
containing hornblende. It is generally confined to the groundmass as xenoblastic 
grains but occasionally encloses granules of diopside poikiloblastically (Nos. 7897, 
7898). Twinned acid labradorite in these sections is much less abundant than 
orthoclase. A little apatite, sphene, quartz, hornblende, calcite and biotite may also 
occur. 

A greater proportion of hornblende in section No. 7900 has led to the assemblage 
plagioclase-hornblende-diopside-orthoclase-epidote-quartz in which orthoclase again 
predominates over plagioclase. 

Banded calc-silicate rocks are found in the Wando River Valley at locality 43-3, 
79.9. Narrow beds, parallel in attitude to the regional foliation of neighbouring 
schists, show a richness in any of diopside, hornblende or biotite. In some bands a 
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small quantity of calcite occurs, as in section No. 7901, which contains in addition 
hornblende and diopside with xenoblastic orthoclase, quartz and andesine. Ortho- 
clase is not restricted to any particular band; apatite and sphene are accessory. 

At this locality, calc-silicate rocks have been intruded by a quartz diorite dyke 
and as this is approached the banding of the sediments is complicated by narrow 
igneous seams of twinned andesine, hornblende, quartz and sphene between the 
granular sedimentary layers. The sedimentary origin of these rocks is supported by 
their abundance of potash felspar and quartz. The pronounced banding, with a 
selective development of different minerals in bands, suggests that the original 
composition has determined which of pyroxene or hornblende may form. This may 
reflect variations in the proportion of calcite and dolomite in the original sediments. 

Scapolite has been detected at two localities in the area. A specimen from 
south-eastern Robertson Creek (No. 7706) has a speckled appearance in the hand 
specimen which is due to patches of quartz-scapolite in a diopside rock. In thin 
section the rock contains ragged poikiloblasts of zoisite. Diopside is sieved with 
hornblende, quartz and untwinned plagioclase while scapolite is also strongly sieved 
with quartz and plagioclase of the groundmass. Calcite, apatite and sphene are 
present in minor quantities. 

A rock containing zoisite, diopside, scapolite, orthoclase and calcite is found at 
the lower end of Corea Creek Gorge (No. 7907—for locality see Fig. 2). In hand 
specimen, folded layers an inch or more in thickness containing white prismatic 
scapolite are separated by argillaceous beds of similar thickness. The prismatic 
habit of the scapolite is more clearly visible in thin section (PI. XI, fig. 4) and a 
refractive index value of u> = 1611 suggests a composition close to meionite. The 
adjacent argillaceous beds contain biotite and diopside in a groundmass of orthoclase, 
plagioclase, quartz and rare sphene. 

The calc-silicate rocks of this area are in general not deficient in silica and they 
have arisen from impure argillaceous magnesian limestones. The co-existence of 
quartz and calcite indicates that wollastonite is unstable under the conditions of 
metamorphism and the presence of minerals of the epidote group favours the stress 
condition of the staurolite-kyanite subfacies. The formation of a scapolite mineral 
rich in calcium and carbonate in an impure limestone may be due to metamorphism 
alone with the addition only of CO 2 . 

3. Pyroclastic Rocks 

Ash and tuff. Finely banded ashes are exposed at river level in Steep Bank 
Rivulet at Locality 34.6, 81.8, but are of limited extent. In places they are cal¬ 
careous. These are the only sediments of their kind noted in the area. No decisive 
examples of ancient volcanic rocks have been found. The absence of such primary 
features as pillow structures and vesicles allies the basic rocks of this district with 
intrusive dolerites. 

B. Igneous Rocks of the Glenelg River Complex 

1. Quartz Porphyrite 

West of the biotite zone, dykes of pale cream quartz porphyrite up to 30 ft. 
in thickness are intruded into slightly dolomitic slates. These contain quartz up to 
0 2 mm. in a groundmass of sericitized felspar laths, which have a composition 
close to albite. Phenocrysts of plagioclase reach 0 5 mm. and have been replaced 
bv albite and sericite (Nos. 7808, 7809, 7810). 
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Boulders of a cleaved yellow rock (No. 7843) in which the cleavage planes are 
marked by a development of minute muscovite flakes are found in the gorge of the 
Wando Vale Ponds at the Hummocks (Fig. 1). The occurrence of phenocrysts 
of corroded plagioclase and strained quartz in a groundmass of plagioclase laths and 
quartz grains indicates the igneous character of the rock, although the structure is 
completely obscured in the field. This rock is a biotite zone equivalent of the lower 
grade quartz porphyrite. 

In the almandine zone, steeply dipping bands, several feet in thickness, of pale 
cream quartzofelspathic schist show sharp boundaries without gradation into pelitic 
schists. The texture of the groundmass is granoblastic but these rocks are regarded 
as dykes injected prior to the folding and equivalent to the quartz porphyrite series. 
In section No. 7870 muscovite flakes of average length 0 08 mm., lenticular aggre¬ 
gates of biotite and poikiloblastic garnet with quartz and plagioclase inclusions are 
contained in a granohlastic mosaic of quartz and untwinned sericitized plagioclase. 
Larger twinned felspars of uncertain composition suggest original felspar pheno¬ 
crysts in an igneous rock. 

The same pale cream schistose rocks can be traced in higher grades and sub- 
idioblastic garnet is a frequent accessory mineral (No. 7887), again contained in 
a groundmass of xenoblastic quartz and untwinned plagioclase approximately equal 
in amount. Xenoblastic orthoclase may be present in some cases and sphene may 
be accessory in the groundmass. Garnet-free types in the staurolite zone contain 
potash felspar in excess of plagioclase (Nos. 7888, 7889). 

2 . Meta-dolerite and Amphibolite 

Basic greenstones in Steep Bank Rivulet and Mitchell Creek are relatively 
coarse-grained and are free from amygdules and vesicles, suggesting an intrusive 
origin. The diabase mapped by Caldwell in the parish of Roseneath three miles 
north-west of Roseneath Homestead is a meta-dolerite or microgabbro of similar 
type (Mines Dept. Vic. section No. 2713). 

Albitic meta-dolerites in the valley of Steep Bank Rivulet, north of its junction 
with Mitchell Creek reach a thickness of 30 feet. Massive rocks from the centres 
of intrusions are greenish grey in colour and contain spherical clots of recrystallized 
albite. Relict primary augite in section No. 7813 is ophitically intergrown with 
twinned albite laths reaching 3 mm. in length, and plagioclase is saussuritized. 
Pale green actinolite surrounds augite relics, while irregular patches of chlorite 
enclose needles of actinolite. Skeletal crystals of ilmenite are in process of alteration 
to a fine-grained aggregate of sphene. Calcite and apatite are the remaining 
constituents. 

At the sheared boundaries of the dykes no trace of augite remains and in thin 
section granulated albite grains are surrounded by streaks of chlorite and green 
actinolite studded with iron ore. Calcite is associated with the albite (No. 7817). 

A more pronounced ophitic texture is preserved in section No. 7814 in which 
pyroxene has been completely replaced by actinolite. These rocks have been 
produced from a dolerite free from original olivine and contain the assemblage 
actinolite-chlorite-epidote-albite-calcite-sphene. They can be grouped under the 
general heading of chlorite-epidote-albite amphibolites, a subdivision of the low 
grade epidiorites described by Wiseman (1934, p. 377) from the Scottish Highlands. 

Rocks which do not contain actinolite and thus fall into the group of chlorite- 
albite schists contain the assemblages chlorite-albite-sphene and chlorite-albite- 
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calcite. As an example of the first type, section No. 7816 contains twinned, crushed 
albite laths up to 6 mm. in length and chlorite, associated with a few flakes of talc, 
to the exclusion of actinolite. Iron ores and sphene are relatively abundant. 

Within the biotite zone albite is still the stable plagioclase felspar in the meta- 
dolerites, and relict igneous textures are generally preserved. Albite-biotite-chlorite 
schists are the predominant derivatives of doleritic rocks and do not contain 
actinolite. Section No. 7844, an example of this type, contains crushed albite laths 
containing inclusions of apatite and chlorite, irregular shreds of green chlorite and 
accessory iron ores. Contortion of albite twin lamellae and pronounced undulose 
extinction in albite attest to strong post-intrusion deformation. Chlorite may not 
be present in the assemblage in meta-dolerites from the biotite zone, and rocks 
consisting essentially of albite-biotite, in which albite laths make up about 20 per 
cent of the volume, are known from Harvesters Creek (No. 7847). 

In the gorge of the Wando Vale Ponds at the Hummocks an abundance of 
zoisite leads to albite^zoisite-biotite schists (No. 7848) in which dusty albite laths, 
brown biotite and iron ores are associated with porphyroblasts of zoisite accompanied 
by sericite and reaching 3 mm. diameter. The recrystallization of actinolite in low 
grade meta-dolerites produces porphyroblastic actinolite rocks in the biotite zone 
in which the original igneous texture of the albite laths is still visible and no relict 
augite remains. Frayed porphyroblasts of actinolite (X = Y pale green, Z pale 
bluish green) are set in a groundmass of recrystallized albite and minute needles 
of actinolite. Traces of clinozoisite occur in scattered granules with apatite, pale 
brown biotite and ilmenite. In the following mode, determined from a dyke at 
locality 35.3, 84.3, rather more actinolite is present than is typical of these rocks. 


Actinolite 

770 

Albite 

16 1 

Iron ore 

4 3 

Apatite 

1-5 

Biotite 

0 9 

Clinozoisite 

tr. 


99-8 


The broad intrusion mapped in Mitchell Creek is of this type, with granules of 
sphene surrounding crystals of ilmenite (Nos. 7850, 7851). Abundant biotite may 
accompany actinolite, as in a meta-dolerite from the Wando Vale Ponds (Fig. 1), 
which contains albite to the extent of 50 per cent of the rock. Here biotite occurs 
to the exclusion of chlorite and accompanies an amphibole which has a deep bluish 
green Z absorption colour (No. 7853). 

The destruction of the igneous texture takes place to the north-east of the 
southern granodiorite intrusion, where the groundmass in basic plagioclase amphi¬ 
bolites is made up of equant xenoblastic plagioclase grains, generally without 
twinning. 

At the top of the biotite zone, albite has been confirmed in plagioclase amphi¬ 
bolites in the Wando River, by an r.i. determination of a = 1531. Here porphyro¬ 
blasts of green actinolite free from inclusions are accompanied by a little biotite and 
chlorite. Ghosts of the original plagioclase laths may just be visible in the ground- 
mass with albite, carlsbad and pericline twinning (Nos. 7854, 7855, 7856, 7857). 
Basic dykes from the almandine zone in the Wando River are either homogeneous 
in texture or show a tendency to segregation layering into alternating hornblende 
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and plagioclase bands. The groundmass now consists of a mosaic of xenoblastic 
untwinned plagioclase (Nos. 7872, 7873). The composition of the plagioclase is 
doubtful but a moderate relief suggests it to be more basic than albite. Granules of 
sphene and iron ore are restricted to the groundmass. Quartz is rare. Porphyro- 
blasts of green actinolite may exceed 1 cm. in length. 

The amphibolites show little change in texture as the grade of metamorphism 
increases. Garnet has not been detected in an igneous amphibolite. The com¬ 
position of plagioclase tends to be quite basic and a maximum extinction angle for 
albite twins sectioned normal to (010) of 34° corresponds to labradorite in a 
clinozoisite-amphibolite from the Wando River (No. 7912). Veins containing 
microcline and clinozoisite have been found in amphibolites from the staurolite zone 
(No. 7910). 

3. Serpentinized Peridotite 

Peridotite dykes have intruded bedrock slates in close proximity to dolerites in 
Steep Bank Rivulet and in Mitchell's Creek west of the biotite isograd. These dykes 
dip steeply to the south-west in conformity with the cleavage and bedding of the 
slates. 

The massive peridotite is dark blue-green in the hand specimen and outlines of 
olivine crystals reaching 6 mm. are visible on weathered surfaces. Hutton (1936, 
p. 241) concluded that of the serpentine minerals only chrysotile and antigorite 
possess distinctive optical features, the former being fibrous and optically positive 
w’ith positive elongation, and the latter negative with positive elongation and a 
typical occurrence in tabular flakes with (001) cleavage. 

In section No. 7820 (Plate XI, fig. 5) colourless fibres of chrysotile completely 
replace the olivine. Diopsidic augite makes up about 10 per cent of the rock and 
is sharply separated from brown hornblende, the boundaries of which are occasion¬ 
ally fringed with colourless tremolite in optical continuity. Diopside and hornblende 
poikilitically enclose rounded patches of chrysotile. Parallel strings of magnetite 
octahedra in the serpentine may represent the cleavage planes of original ortho¬ 
pyroxene. Talc and magnesite also occur. 

The serpentinized peridotite has been altered at the boundaries to talc schists 
several yards in thickness, which retain none of the original texture of the peridotite 
in thin section. These schists consist almost entirely of fine flakes of talc. Only a 
little chrysotile remains and the relict shaped olivine crystals have been destroyed. 
Rhombs of magnesite and a little green chlorite, apatite and iron ores are present. 
Ultrabasic dykes in Steep Bank Rivulet are traversed by veins of chrysotile asbestos. 

4. The Hummocks Serpentinite 

Following brief references by Dennant (1885) and Krause (1886), Dennant 
in 1893 noted that the rock at the Hummocks consists essentially of serpentine. 
He regarded the serpentinite as an altered lava, an origin supported also by Skeats 
(1909). 

At the Hummocks, a ridge of serpentinite trends NW-SE and rises to a height of 
250 ft. above the valley floor. Outcrops of serpentinite and of the rocks which 
adjoin it to the north-east are to be found in the gorge of the Wando Vale Ponds 
and at the site of the crushing plant where the rock is quarried for use as road 
metal, but the full extent of the various older rocks is obscured by alluvium to the 
south-west and by Jurassic mudstone to the north and south (Fig. 1). 
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The fresh serpentinite which can be observed at the Hummocks Quarry is 
massive, non-foliated and deep bluish-green in colour. This rock consists almost 
entirely of antigorite serpentine (Section Nos. 7858, 7859, 7860). Colourless flakes 
of antigorite reaching 0 4 mm. occur singly or in radiating sheafs showing a 
characteristic bluish tint in the grey interference colours. In places antigorite flakes 
are developing within areas of a different serpentine mineral marked by very weak 
birefringence and by a fine fibrous texture leading to wavy extinction (Plate XI, 
fig- 6 ). This mineral may be bastite, representing an orthopyroxene poor in iron. 
A few flakes of green serpentine are found with idioblastic magnesite and a little 
talc. The transformation of bastite to antigorite has been described by Benson 
(1913) for rocks of the Great Serpentine Belt of New South Wales. Serpentine 
occurrences extend to the north of the Hummocks for a distance of two miles. 
These consist essentially of antigorite (No. 7861) and correspond closely with the 
mineralogy of the Hummocks rock. 

The quarry face at the Hummocks contains also: 

1 . Magnesium carbonate veins. Veins of carbonate up to 2 cm. in width show 
a symmetrical growth banding along the length of the vein. (Spec. No. 7861 A.) 

2. Chrysotile asbestos. Veins of fibrous chrysotile asbestos reach 2 ft. in thick¬ 
ness and have developed in planes of movement within the serpentinite. These veins 
are restricted to the body of the serpentinite and do not extend into the country 
rocks. 

3 . Talc veins. Weathered talc rocks are abundant along the edges of small 
shears which dissect the serpentinite. 

4 . Chlorite-magnetite rocks. Chlorite rocks containing octahedra of magnetite 
are formed as narrow dykes associated with talc rocks in shears, and closely resemble 
the “blackwall” described by Hess (1933b, p. 640). Green chlorite flakes in section 
No. 7862 from the quarry reach 0 05 mm. and contain octahedra of magnetite up 
to 4 mm. and minute shapeless iron ore grains. Porphyroblasts of talc may be 
present in similar rocks (No. 7863). 

Nodules and veins of chalcedony are found just within the serpentinite on the 
south bank of the Wando Vale Ponds and on the eastern slopes of the Hummocks 
ridge. Skeats (1909) records a bedded chert “on the flanks of the hill". During 
the present field work no example of a bedded chert has been found in the Hum¬ 
mocks area, and unless Skeats’s statement applies to veined chalcedony on the flanks 
of the Hummocks ridge, the only explanation is that he identified as chert the 
microcrystalline quarzite which outcrops three miles to the north on Cashmere Hill. 

At all places where the boundary of the serpentinite can be examined talc schists 
outcrop. A talcose serpentinite from the gorge of the Wando Vale Ponds (No. 
7864) contains flakes of talc derived from antigorite, a little of which remains in 
the section, with idioblastic magnesite and, rarely, iron ores. 

In the gorge of the Wando Vale Ponds, a dyke 20 ft. in thickness and intrusive 
into biotite schists at a distance of ten chains from the edge of the serpentinite 
consists of crushed plates of chequer albite up to 3 mm., accompanied by tiny flakes 
of muscovite with accessory quartz and sphene. Albitite dykes in association with 
serpentinites have received mention by Hess (1933b, p. 650) and the processes 
of segregation from the ultrabasic rock or of modification of granite pegmatites 
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advanced as explanation. The absence of granite pegmatites of such dimensions 
in other localities suggests that this albitite forms a part of the peridotite suite. 

Although Skeats (1909) regarded the Hummocks rock as a lava, the absence 
of primary vesicular structures and the similarity in form to ultrabasic intrusives 
illustrating the “talc deposit” type steatitization described by Hess from Vermont 
(1933b) is taken as evidence of an intrusive origin. In the idealized diagram by 
Hess talc replaces serpentinite at the edges of the intrusion and in a keel below it, 
while a broad aureole of chloritic sediments extends above the lens. 

The talc deposit type of alteration is believed to result from peridotite and the 
soapstone type from granular pyroxenite or hornblendite. The peridotite dykes of 
Steep Bank Rivulet are thus probably equivalent to the Hummocks serpentinite. 

C. Retrogressive Schists 

Rocks which contain low grade mineral assemblages within areas of high grade 
schists attest to retrogressive changes with the waning of temperature. Examples 
have been described of the alteration of staurolite and of andalusite to sericite. A 
series of sections illustrates the successive steps by which rocks composed of horn¬ 
blende or actinolite are changed to talc rocks by way of tremolite and chlorite. Hess 
(1933a) has attributed these changes to hydrothermal alteration, but the occurrence 
in the Wando area of low grade assemblages in narrow zones suggests that shearing 
has also been an important factor in retrogression. 

A cataclastic tremolite-chlorite schist (No. 7914) from the Hummocks contains 
porphyroclasts of colourless tremolite, with faint cores of hornblende, surrounded 
by shreds of chlorite flakes. Actinolite-chlorite schist (No. 7915) from the stauro¬ 
lite zone in the Wando River consists of a felted groundmass of pale green chlorite 
flakes containing prisms of green actinolite and granules of iron ore. A tremolite- 
chlorite-talc-carbonate schist (No. 7916) represents a further step towards soap¬ 
stone. 

An increase in the quantity of talc results in tremolite-chlorite-talc schists such 
as No. 7917, in which sheafs of colourless tremolite are set in a mass of minute talc 
flakes, chlorite and iron ore granules, and No. 7918, a talc-chlorite rock from 
Beauty Creek. Here the elongated shapes of aggregates of talc flakes suggest that 
they have replaced tremolite or actinolite. 

These rocks are regarded as the retrogressive products of hornblende schists and 
amphibolites derived in their turn from dolerites. 

D. Granitic and Associated Rocks 

In the area north of Casterton two major groups of granitic rocks are found. 
The Wando Granodiorite includes four occurrences of granodiorite in the Wando 
Vale district which are taken to be representatives of a single batholith. The 
Dergholm Granite on the other hand is a true granite which outcrops over a wide 
area near Dergholm. 

The Wando Granodiorite 

Apart from the two main strips of granodiorite in the Wando Vale district, two 
smaller occurrences of gneissic granodiorite, each only a few square yards in extent, 
outcrop in the valleys of Vines Creek and Robertson Creek. Of the two main 
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Fig. 4. —Structural map of the Dergholm-Wando Vale area. 


granitic masses, the northern one is strongly foliated at its north-western end and 
is there characterised by abundant biotite and hornblende. Towards the centre of 
the mass the rock becomes less basic and free from planar structures. Here the 
granodiorite is coarse and even-grained with an approximate mode (No. 7919) : 
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The predominant potash felspar is orthoclase, hut this may be accompanied by a 
little microcline. Oligoclase exhibits both albite and pericline twinning and occasion¬ 
ally shows myrmekite structure. The felspars enclose blebs of quartz, but the 
characteristic occurrence of quartz is in round aggregates almost 1 cm. in diameter. 
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Except in the north-west of this granodiorite mass, non-foliated granodiorite 
outcrops at the boundaries. Examples of the gneissic rock from the Wando River 
(No. 7922) contain epidote as well as biotite and hornblende and the mode may be 
compared with that of the leuco-granodiorite above: 
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Zoned andesine, slightly sericitized and with albite and pericline twinnnig, may be 
accompanied by a little orthoclase. Quartz and the felspars generally show signs 
of granulation. Biotite flakes, accompanied by chlorite, reach 4 mm., while horn¬ 
blende prisms reach a length of 5 mm. Stumpy prisms of epidote are sieved with 
quartz, and apatite and sphene are accessory. 

The massive rock from the St. Elmo quarry in the southern granodiorite mass 
is of medium grain size and pinkish-grey in colour, and contains oligoclase and 
poikilitic microcline with quartz, hiotite, epidote, muscovite, apatite and sphene. 
At the edges of the igneous mass this granodiorite is foliated and granulation of 
the quartz and sericitized andesine is marked. Section No. 7924 shows an abundance 
of epidote but contains no hornblende. 

Schists adjacent to granitic intrusions. As the boundary of the northern intrusion 
is approached from the south in the valley of the Wando River schists containing 
biotite, muscovite, andesine and quartz show the first signs of a lit-par-lit structure 
produced by narrow granitic veins at a distance of 60 yds. from the intrusion. 
Gneissic veins then predominate until schists remain only as narrow ribbons within 
the foliation plane of the gneiss. 

Schists at the contact may be enriched in tourmaline and muscovite. Muscovite 
porphyroblasts in section No. 7926 comprise the major part of the rock and contain 
quartz and biotite inclusions. The porphyroblasts accompany biotite and sieved 
brown tourmaline in a matrix of xenoblastic quartz. 

Quartz-tourmaline veins are found up to a mile from the granodiorite boundary 
and in several localities tourmalization of schists has led to the assemblage quartz- 
tourmaline (Harker, 1937, p. 118). An example of this assemblage is afforded by 
section No. 7928 in which folded micro-structures resemble those of adjacent biotite 
schists. A refractive index value of w= 1637 for the yellow tourmaline in this 
rock suggests a magnesian composition. 

Dykes associated with the granodiorite. Dykes of quartz diorite reaching a thick¬ 
ness of several yards are intruded into the foliation planes of schists along the 
southern border of the northern Wando Granodiorite mass, extending from the 
Wando River south-east to Corea Creek. A sample of quartz diorite (No. 7929) 
from the Wando River contains: 
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Prisms of twinned hornblende, associated with chloritized biotite, define a pro¬ 
nounced linear structure which, in Corea Creek, plunges steeply to the south-west 
at angles of from 50° to 70°. Intrusive breccias of quartz-diorite containing many 
inclusions of quartz and biotite schist are found in Corea Creek at locality 48.5, 72.5. 

Fine-grained quartz microdiorites in Corea Creek are probably related to the 
coarser quartz diorites and contain needles of hornblende in the process of replace¬ 
ment by biotite and iron ores. Quartz and acid labradorite of the groundmass show 
partial "granulation. 

A fine-grained greenish grey microdiorite which contains phenocrysts of andesine 
is poorly exposed in the valley of the Wando River. The zoned sericitized pheno¬ 
crysts reach 3 mm. and are contained in a groundmass of twinned and zoned 
andesine laths of an average length of 0 2 mm., accompanied by biotite, muscovite, 
sphene and secondary chlorite and rutile. Phenocrysts of hornblende have been 
replaced by chlorite and calcite (Nos. 7931, 7932). The intrusive nature of these 
rocks is confirmed in Steep Bank Rivulet, where a dyke of similar rock occupies 
a cross-joint. 

Dykes of aplite and pegmatite are largely restricted to the body of the grano- 
diorite and gneiss except in the gorge of Corea Creek where dykes are intrusive 
into country rocks in much greater abundance than into the adjacent granodiorite. 
Two varieties of aplite are found, one containing deep brown pleochroic tourmaline 
and colourless garnet with muscovite, biotite, quartz, microline and oligoclase (No 
7934 ) and the other free from tourmaline and garnet (No. 7935). The aplites of 
the second type are of finer grain than those of the first and have textures which 
tend to the true saccharoidal texture of the aplites, but nevertheless differ markedly 
in thin section from the quartzofelspathic schists, which they may outwardly 
resemble. 

The Dergholm Granite 

Granite from the quarry four miles south-west of Dergholm is coarse-grained 
and non-foliated, and contains pinkish perthite averaging 1 cm. in length, oligoclase, 
grains of smoky quartz, and a little biotite. The rock is a true granite and contains 
a little purple fluorite visible in section No. 7936. Non-foliated granite outcrops 
to the east and south of the town and also in the valley of Salt Creek further to 
the north. On the west bank of the Glenelg River, Caldwell has mapped granite 
and hornblende gneiss. There is no sharp boundary between these two, a gradual 
development of foliation and increase in the proportion of biotite and hornblende 
taking place east of Capaul Homestead. The boundary of the intrusion here strikes 
NE-SW along the valley of the Glenelg River. 

Mawson and Segnit (1945), in a description of granites from Tintinara, 160 
miles north-west of Dergholm, include a chemical analysis of the Dergholm Granite 
and on the basis of this and the heavy mineral content regard it as part of a large 
batholith extending into Victoria from South Australia. The presence of fluorite 
in the Dergholm Granite supports this link. 

Schists of the Glenelg River Complex which outcrop along the Glenelg Valley 
north of Dergholm resemble the rocks of the Wando area but no attempt has been 
made to trace metamorphic zones. To the south-east of Capaul sedimentary rocks 
are represented by quartz-muscovite schists and by calc-silicate rocks containing 
hornblende and diopside. Meta-dolerites outcrop on the east bank of the Glenelg 
River and here also are found boulders of quartz-gabbro (No. 7948) in which 
original pyroxene is preserved. 
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It is not known to what extent the Dergholm Granite has contributed to the 
metamorphism of these rocks. Metamorphism of slates by the Dergholm Granite 
at a locality in the Glenelg River valley E.S.E. of Dergholm has been only slight, 
resulting in induration and the growth of minute biotite flakes. This fact, together 
with the marked difference in appearance between the Dergholm Granite and the 
Wando Granodiorite and the presence of fluorite in the former but not in the latter 
suggests that the Wando Granodiorite preceded the Dergholm Granite and was 
responsible for the major metamorphic effects over the whole. Fine-grained grano¬ 
diorite similar to the St. Elmo quarry rock outcrops in Schofield Creek, south-east 
of Harrow, and an extension of the field mapping in this direction may indicate 
more definitely the relation between the two granitic groups. 

E. Permian Tillite and Younger Rocks 

Tillites were recorded at Wando Dale by Hogg in 1898, but several small 
occurrences have been found in the Wando Vale area itself. In the valley of 
Boundary Creek tillites rest unconformably on biotite-quartz schist and on grano¬ 
diorite gneiss, and contain boulders of gneiss, schist and slate typical of the Glenelg 
River Complex. 

In the south-east of the area gently dipping mudstones form the northern end 
of a triangular area of Merino Group sediments which are mainly of Jurassic age 
and rest with angular unconformity upon slate, schist and granodiorite (Kenlev, 
1954). 

A yellowish-brown limestone has been mapped near the junction of Steep Bank 
Rivulet and Vines Creek and is evidently that described by Ferguson (1894, p. 58) 
as occurring at Woodburn and containing a fauna of “Miocene aspect”. Thin beds 
of flatly dipping arenaceous limestone also outcrop in this area but evidence of the 
age of this formation has not been found. 

The Dundas Tablelands are capped by a veneer of Tertiary laterite which is 
obscured towards Dergholm by aeolian sands. 

Many small flows of Tertiary Volcanic rocks occur at widely scattered points 
(Fig. 4) and embrace a range of rock types including olivine basalt, olivine 
nephelinite, and soda-rich trachyte. In the absence of fossiliferous Tertiary sedi¬ 
ments in association with these rocks there is no clear subdivision into Older and 
Newer Volcanics. 


Structural Geology 

A. Country Rocks 

Bedding. A fine bedding lamination, found in sedimentary rocks of all grades, 
shows strong drag folding in places, but field mapping has not revealed the overall 
structure. 

The graded bedding of graywackes in the Harvester Creek gorge indicates that 
the top of the formation lies to the south-west and that the beds are not overturned. 
,This graywacke is thus overlain by the slates, which outcrop to the south-west. 
Further mapping of the greywacke formation is likely to provide the clue to the 
major structure, but to the north-east the stratigraphic picture is complicated by 
the increasing metamorphism and by faulting in Steep Bank Rivulet. The presence 
of carbonates in the fine beds of the graywacke suggest that pre-graywacke limestone 
or dolomite existed. 


GEOLOGY OF THE CASTERTON DISTRICT 


103 


Foliation. Under this heading are grouped the axial plane cleavage in low grade 
slates and the schistosity of higher grade schists, the latter defined by the preferred 
orientation of platy minerals such as biotite and muscovite, by flattened calcite grains 
in calc-biotite schist (section No. 7826), and by rosettes of hornblende needles in 
hornblende garbenschiefer. Moreover, hornblende metacrysts in basic dykes are 
flattened in the plane of foliation. 

The trend of foliation and the boundaries of rock types are frequently parallel. 
Thus in the Wando River gorge boundaries between staurolite schist and hornblende 
schist, and between biotite schist and calc-silicate rocks, trend NW-SE, which is 
also the strike of the foliation plane. Rupturing movements do not appear to have 
taken place along these planes, which probably reflect original bedding planes, tightly 
folded. 

Foliation trends fairly uniformly over the whole area in a NW-SE direction 
but in the south tends to change to north-south. In the area north of Dergholm, 
near the edge of the Dergholm Granite, foliation in the country rocks strikes east- 
west. The dip of the foliation is uniformly steep, rarely assuming values below 50°. 
In the Wando River area the direction of dip is consistently north-east, but towards 
the west the dip steepens to the south-west (Fig. 4). 

Faults. Boutakoff (1952, p. 28) has presented the pattern of late Tertiary faults 
and lineaments in south-western Victoria. Two of his postulated linear trends, 
which are based upon the assumption that the Glenelg River Valley has been 
determined largely by fault lines, fall within this area, and there is evidence from 
the basement rocks that faulting has taken place in each case. 

Shearing of sedimentary rocks and basic dykes and the crushing of serpentinized 
peridotite dykes in Steep Bank Rivulet suggest that the Salt Creek Fault may be 
extended to the south-east, passing to the north of the graywacke formation. 
Further evidence of this fault is found in the occurrence of a scarp of dolomitized 
breccia in Steep Bank Rivulet, outcrops of silicified breccia in Nolan Creek and a 
number of volcanic centres aligned on this trend. 

The graywacke has been displaced along a NE-SW line two miles north-west 
of Retreat. Further, both the northern and southern Wando Granodiorite bodies 
appear to be abruptly terminated at their north-western extremities beneath the 
laterite cover. Having regard to the elongate form of these bodies, their virtual 
disappearance in the space of one mile suggests a pre-laterite fault along a NE-SW 
line. 

Lineation. In biotite and garnet schists a lineation is produced by small puckers, 
by the elongation of biotite flakes and occasionally by a slight elongation of the 
quartz grains. 

The attitude of the lineation of biotite flakes has been mapped at several points 
in the field (Fig. 4). The plunge of linear structures is generally directed between 
north-west and north-east but the angles of plunge vary widely between 30° and 
70°. In the south, steep plunges to the south-east are encountered. 

Folds. The attitudes of minor fold axes can be measured directly and trend 
NW-SE, with plunge angles, in the case of slates and phyllites, generally less 
than 30° to the north-west. At higher grades, complex fold profiles are found in 
calc-biotite schists and in argillaceous rocks. Here plunge angles of folds may reach 
as much as 60° and are usually sub-parallel to the lineation of biotite flakes. 
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Mullion and boudinage structures. Mullion structure, of which examples are 
found at the head of Corea Creek Gorge, is illustrated in PI. XII, fig. 1. A ribbed 
structure several feet in length is made up of prisms of hard diopside-plagioclase- 
quartz rock, pod-shaped in cross-section, which are adjoined by biotite schist and 
plunge steeply to the south-east. The structure is classed as cleavage-mullion 
(Wilson, 1953), the pod-shaped cross-section having been controlled by intersecting 
cleavage and bedding (Fig. 2A). 

Dykes of micro pegmatite in the gorge of Corea Creek exhibit boudinage 
structure in which the long axes of the boudins plunge steeply to the south-east 
(PI. XII, fig. 2). Since measurable fold axes at this locality also plunge steeply 
to the south-east, both mullion and boudinage are regarded as linear structures with 
extension in the b-direction. 


Microjabrics of Biotite Schists 

From two specimens of quartz-biotite schist, No. 7940 and No. 7941 from the 
respective localities 42.7, 79.5 and 43.3, 80.0, fabric diagrams have been prepared 
to indicate the orientations of biotite and quartz. In each case quartz occurs as a 
granoblastic mosaic of approximately equant grains which show faint strain shadows. 
Biotite flakes are slightly elongated to produce a lineation. 

The poles of normals to (001) cleavage planes of biotite flakes and of optic axes 
of quartz are depicted in equal-area projections of the lower hemisphere. The poles 
of the geographical co-ordinates north and west have been incorporated in the 
diagrams. 

Biotite diagrams for the specimens No. 7940 and No. 8941 are reproduced 
in diagrams A and C of Fig. 3. The diagrams show strong point maxima with 
densities of up to 16% but at the same time weak partially developed girdles of 1% 
density lie in the plane normal to the lineation. On the basis of the biotite fabrics 
the schists may be classed as B-tectonites. 

The corresponding diagrams for quartz are B and D of Fig. 3. Diagram B 
reveals no clear preferred orientation. Diagram D contains a cleft girdle in the a-c 
plane, normal to the lineation. The diagrams C and D taken together confirm the 
rock as a B-tectonite in which the lineation has the significance of the b-fabric axis. 

Maxima reaching 3% are arranged somewhat symmetrically in the four quad¬ 
rants of diagram D but there is a tendency to monoclinic symmetry. 

b-lineations thus plunge to the north-west at steep angles, occasionally in excess 
of 50° in the area for which diagrams were prepared. This direction of plunge 
accords with the orientation of fold axes measured in rocks of lower grades, but 
the angle of plunge in the case of the lineation is rather greater than that of fold 
axes in slates. 

However, the occasional divergence of pucker axes from lineations of elongated 
biotite flakes suggests that a-lineation may occur in schists from this area. Thus 
in hand specimen No. 7943 these two linear structures make an angle of 30° in the 
foliation plane. The lack of preferred orientation in the quartz of section No. 7940 
(Fig. 3B) might be due to destruction of an. original girdle pattern by later move¬ 
ments resulting in a displacement of quartz maxima towards the centre of the 
diagram, though the relatively strain-free nature of the quartz argues against this 
possibility. 
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Fig. 3. — Preferred orientation of biotite and quartz in schist and in granodiorite gneiss. 

A. Poles of (001) for 300 biotite flakes in quartz-biotite schist. Lineation L. Contour 16-13, 

12-9, 8-5, 4-3, 2, 1, 0 % per 1% area. 

B. Corresponding diagram for 300 quartz optic axes. Contours 3. 2, 1. 0% per 1 % area. 

C. Poles of (001) for 300 biotite flakes in quartz-biotite schist. Lineation b. Contours 13-10, 

9-7, 6-5, 4-3, 2, 1, 0% per 1 % area. 

D. Corresponding diagram for 300 quartz optic axes. Contour 3, 2, 1, 0% per 1% area. 

E. Poles of (001) for 300 biotite flakes in granodiorite gneiss. Lineation L. Contours 6-5, 4, 

3, 2, 1, 0% per 1% area. 

F. Corresponding diagram for 300 quartz optic axes. Contours 3, 2, 1, 0% per 1% area. 

(Foliation plane dotted in each case.) 
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Structures in the Wando Granodiorite 

The non-foliated granodiorite differs from the gneiss in its scarcity of structural 
features. In the absence of phenocrysts or basic clots few platy or linear structures 
can be measured in the field. The gneiss on the other hand possesses a prominent 
foliation defined by biotite flakes and hornblende prisms. At its edges the non- 
foliated granodiorite is strewn with unoriented schist xenoliths, as at Robertson 
Creek, which indicate magmatic emplacement. 

Where the gneiss adjoins quartz-biotite schists in the Wando River the attitude 
of the foliation plane of the gneiss agrees closely with that of the foliation of the 
country rocks. Within the gneiss, tabular xenoliths of schist occupy the foliation 
plane. Moreover, a linear structure is defined within the plane of foliation of the 
gneiss by the attitude of elongate inclusions oriented with their long axes parallel. 
In the valley of the Wando River the plunge of this lineation to the north-west at 
angles of up to 50° compares closely with that of the b-lineation in neighbouring 
schists. 

The intrusion of the igneous mass has evidently led to some disturbance of the 
schist foliation. In the sharp indentation in the northern edge of the northern 
granodiorite body the schistosity, which elsewhere strikes NW-SE, is directed 
NE-SW. Although variations in trend of schist foliation have been produced, there 
is no evidence of its vertical disturbance with upward movement of the magma. 
The schistosity dips steeply throughout the area. 

The foliation plane of schists has thus provided the structural control for the 
emplacement of the granodiorite. The southern boundary of the northern mass is 
a gently curved surface closely following the trend of schistosity (Fig. 4). 

Microfabric of the Granodiorite Gneiss 

Figures 3E and 3F represent biotite and quartz fabrics of granodiorite gneiss 
(No. 7942) collected from locality 43.4, 80.1, in the northern granodiorite body. 
The section was cut in a plane normal to the lineation. The biotite diagram contains 
a closed girdle of 1% density within the plane normal to the lineation. The maxi¬ 
mum density is 6% at c, but sub-maxima of 4% are spread round the girdle. 

The specimens No. 7941 and No. 7942 of schist and gneiss respectively were 
collected in the Wando Valley from points only fifty yards apart. Comparison of 
the diagrams C and E indicates the similar orientation of the linear structures in 
either case and the more complete closure of the girdle and presence of sub-maxima 
in the case of the granodiorite gneiss. 

The quartz diagram Fig. 3F contains evidence of a weak girdle pattern in the 
plane normal to the lineation. with maxima of 3 °/o density. 

These diagrams suggest either that the gneiss has been produced from the 
sediments by a metasomatic process or that deformation subsequent to granitic 
intrusion has affected both sediments and granite and has led to similar orientation 
of structures. 

Structures in Aplite and Pegmatite Dykes 

Dykes of aplite and pegmatite in Corea Creek gorge intersect folded schists and 
are exposed in the bed of the stream. Diopsidic calc-silicate rocks at either end of 
the gorge bound a central area of semi-pelites rich in biotite. Axes of minor folds 
plunge to the south-east. 
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Fig. S.—Geological map of the Wando Vale district, Casterton, Victoria. 
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A folded aplite dyke at locality C in Fig. 2B has the relation to pegmatite 
illustrated in Fig. 3C and PI. XI, fig. 3. The aplite dyke, three inches in thickness, 
reflects the course of folded sedimentary bedding and cuts across a pegmatite dyke 
which has been offset by bedding slip movements associated with the folding. The 
pegmatite was thus injected before the folding and this relationship is confirmed 
by the boudinage structure of pegmatitic dykes. The aplite has been either injected 
prior to the folding or else injected between folded beds. 

A second example of an aplite conforming to the attitude of folded beds is found 
at locality D, where the relationships of Fig. 2D are observed. Here an earlier 
pegmatite has suffered tension along its length to allow the injection of aplite, 
which occupies a joint plane. Mineralogical differences confirm the fact that the 
folded and non-folded aplites are different, the former being characterised by rich¬ 
ness in tourmaline. A quartz-diorite dyke has been intruded subsequently to both 
aplites. 

Fabric diagrams prepared from the folded and non-folded aplite dykes show an 
isotropic distribution of quartz optic axes in both cases. This is evidence of post¬ 
folding injection of the tourmaline aplite between already folded beds. The order 
of injection of dykes in Corea Creek is thus likely to have been: 

1. Pegmatite (folding period) 

2. Tourmaline aplite 

3. Aplite 

4. Quartz diorite. 


Conclusion 

The Metamorphic Zones 

A series of metamorphic zones has been described in which stress minerals are 
typically developed. A feature of the zones is their narrow lateral extent, the 
passage from slates to staurolite schists taking place over a distance of three miles. 
The entry of staurolite restricts the almandine zone, which is narrow in comparison 
with the chlorite and biotite zones and differs in this respect from the almandine 
zone in the classical area of the south-east Highlands of Scotland (Harker 1937, 
p. 209). 

Staurolite schists and andalusite-free garnetiferous schists in the Wando Vale 
area conform to the equilibrium assemblages for pelitic and for partly calcareous 
rocks in the staurolite-kyanite subfacies of the amphibolite facies as recorded by 
Turner (1948, p. 82). Pelitic and semi-pelitic rocks relatively poor in lime and 
potash have, under conditions of medium to high grade metamorphism, accompanied 
by deformation, given rise to the assemblages plagioclase-muscovite-staurolite- 
almandine-quartz and plagioclase-muscovite-biotite-almandine-quartz. With higher 
concentrations of lime the assemblage plagioclase-hornblende-almandine-biotite- 
quartz has been produced at one known locality. It is therefore unlikely that 
staurolite makes an entry in this area at a metamorphic grade lower than the 
staurolite-kyanite subfacies (e.g. Barth 1936). The limited width of the almandine 
zone may possibly be due to faulting. Schists which contain almandine in the Wando 
Vale area appear also to contain plagioclase more basic than albite. Since the 
transition from albite to more basic plagioclase takes place in the upper part of the 
almandine zone (Turner 1948, p. 89), the lower part of this zone, corresponding to 
the albite-epidote amphibolite facies, may have been faulted out. 

H 



108 


BRYAN E. WELLS: 


There can be little doubt that the rocks of all metamorphic grades have developed 
from the same original complex. Thus, putting aside the question of age, the state¬ 
ment by Dunn (1912, p. 116) “At the Wando Gorge . . . schists that probably 
represent Ordovician beds . . . occur” finds complete support, while the conclusion 
of Stirling (1898, p. 86) “I was unable to note any contact of the gneissose schists 
to the east with these sediments, but from the rather abrupt change it is probable 
that the former are altogether older” is incorrect. Although the change is rather 
abrupt it is nevertheless a progressive change. 

The Growth of Antigorite 

In the Steep Bank Rivulet area, where peridotite has been strongly sheared, 
chrysotile is the stable serpentine mineral. Antigorite has not been produced and 
the peridotites are intrusive into slates which occupy a position low in the green- 
schist facies. Shearing alone has been insufficient for the production of antigorite. 
The antigorite serpentinites at the Hummocks lie within an area of biotite schists 
and it is thus likely that the growth of antigorite has accompanied the main meta¬ 
morphism. The metamorphic grade at which the change chrysotile -* antigorite has 
taken place appears to be near the middle of the chlorite-biotite subfacies of the 
greenschist facies. This may be compared with the estimate of Hess, Dengo and 
Smith (1952, p. 74), who place the grade at which this change occurs above the 
chlorite-biotite subfacies in a position equal to or a little lower than the albite-epidote 
amphibolite facies. 

Intrusion of the Wando Granodiorite 

The broad parallelism between the biotite, almandine and staurolite zones and the 
northern mass of the Wando Granodiorite suggests that the attitude of the zones 
has been determined by the intrusive mass, whose emplacement was controlled by 
the regional schistosity. Field evidence such as the folding and boudinage structure 
in acid differentiates suggests that fold movements continued until after intrusion 
of the granodiorite. The presence of the almandine and staurolite zones suggests 
that compression and shearing stress during folding were accompanied by increased 
temperatures, possibly resulting from igneous action at depth. 

Although the parallelism of basic and ultrabasic dykes with the cleavage of slates 
could suggest their intrusion into the cleavage plane, the similar orientation of 
cleavage and bedding over much of the area allows the possibility that these dykes 
are pre-folding. The relative age of basic dykes and quartz-porphyrite dykes is 
unknown. 

A series of low to medium grade schists of argillaceous or sandy character, the 
Kanmantoo Group, is exposed on the eastern flanks of the Mount Lofty Ranges 
in South Australia. Bowes (1954) has described from Encounter Bay andalusite, 
cordierite, albite and chlorite schists produced within the aureole of an intrusive 
granite from quartz-biotite schists of the Kanmantoo Group. Although Mawson 
and Parkin (1943) suggest a Precambrian to late Cambrian age for this granite, 
and also for the Dergholm Granite to which it is related, Bowes favours a mid- 
Ordovician age. The age of the Kanmantoo Group has been suggested as Lower 
Palaeozoic (Bowes 1954, p. 184) but the relation between the Kanmantoo Group 
and the Glenelg River Complex is quite unknown. 

Age of the Glenelg River Complex 

In the absence of fossil evidence from the slates of this area the problem of the 
age of the Complex remains unsolved. 
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With regard to the suggestion of Skeats (1909) that Heathcotian rocks might 
be represented at the Hummocks, it has been found that volcanic rocks comparable 
in extent to the basic volcanics of the Heathcote Diabase Group are lacking. Pyro¬ 
clastic rocks are very limited. Further there is no development of chert in this area 
at all comparable with that of the Heathcote or Howqua River areas. Skeats’s 
reference to bedded chert (1909) is of little significance. 

The impure limestone of the Glenelg River Complex might, however, be matched 
in Victoria by the Digger Island Formation of Lower Ordovician age or by the 
Dolodrook Limestone of Middle Cambrian age. 
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Description of Plates 

Plate XI 

Fig. 1.—Sheared graywacke (Section No. 7806) containing strained quartz (Q) and microline 
(M) in a groundmass of sericite flakes. Deformed quartz vein (V) trends at right 
angles to the cleavage. (X nicols, X 26.) 

2.—Andalusite-biotite-muscovite-quartz schist (Section No. 7835), from the Wando River, 
containing relics of andalusite (A) surrounded by flakes of sericite (S) and car¬ 
bonaceous material (C). (X nicols, X 26.) 

Fig. 3.—Staurolite-almandine-biotite-quartz schist (Section No. 7876), from the Wando River, 
containing relics of staurolite (St) surrounded by sericite flakes (S), with sub- 
idioblastic almandine garnet (Al) and flakes of biotite in a groundmass of xenoblastic 
quartz grains. (Ord. light, X 26.) 

Fig. 4.—Calc-silicate rock (Section No. 7907), from Corea Creek, containing prismatic scapo- 
hte (Sc) with sub-idioblastic diopside (D) and calcite (Ca). Orthoclase (O). 
Zoisite not shown. (X nicols, X 26.) 

Fig. 5.—Serpentinized peridotite (Section No. 7820) from Steep Bank Rivulet. Relict olivine 
crystals (O) completely replaced by chrysotile and associated with diopside augite 
(D) in a groundmass of chrysotile serpentine. (X nicols, X 26.) 

Fig. 6.—Antigorite serpentinite (Section No. 7858) from the Hummocks. Sheafs of antigorite 
flakes (An) arising within areas of a different serpentine mineral, possibly bastite 
(X nicols, X 26.) 


Plate XII 

Fig. 1.—Cleavage mullion structure in the gorge of Corea Creek. 

Fig. 2.—Boudinage structure in a pegmatite vein, Corea Creek. 

Fig. 3.—Dykes of aplite and pegmatite, Corea Creek, showing bedding slip displacement of 
the pegmatite. 
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the RHYOLITE-DACTTE-GRANODIORITE association of the 

DANDENONG RANGES 

By A. B. Edwards 
[Read 6 December 1955] 

Abstract 

The Dandenong Ranges, together with the hills to the north and south of them, comprise 
a rhyolite-dacite-granodiorite association typical of the Upper Devonian calc-alkaline igneous 
province of Central Victoria. It is about 30 miles east of Melbourne and has an area of about 
130 square miles. The rock types recognized are toscanites, rhyolites, rhyodacites, biotite dacites 
and hypersthene dacites, intruded by granodiorites, granodiorite porphyrites, minor porphyrite 
jntrusives, and a number of porphyrite dykes. Pyroclastics are associated with the lavas at a 
number of points. 

The various groups of extrusive rocks are of magmatic origin, and underwent differentiation 
during the quiescent periods preceding their eruption, by a process of fractional crystallization 
and gravitational differentiation, influenced by the changes in chemical composition of the 
magma that resulted from assimilation of the argillaceous sediments forming the roof of the 
magma chamber. 

The extrusion of the lavas led to or accompanied a collapse of the roof of the magma 
chamber—a cauldron subsidence of sorts—and this was followed by the intrusion of the 
granodiorites into the base of the lava flows. 

Introduction 

The igneous rocks described herein are part of the Upper Devonian calc-alkaline 
petrographic province of Central Victoria, and comprise both extrusive and intrusive 
rocks. They lie about 30 miles east of Melbourne and cover an area of about 130 
square miles. Their combined outcrop has the form of an acute-angled isosceles 
triangle, the apex being to the north, midway between Lilydale and Coldstream, 
while the base extends more or less east-west from near Dandenong township to a 
point north of Pakenham township, just north of the Prince’s Highway (Fig. 1). 
The rock types recognized in the area comprise toscanites, rhyolites, rhyodacites, 
hypersthene-dacite (verging on andesite), granodiorites, and a variety of minor 
dyke rocks, formed in that order. Pyroclastics have been found, intercalated with 
the extrusive rocks, at a number of points. The exposed granodiorite, which 
constitutes about 60% of the whole outcrop, lies chiefly to the south of an east-west 
line joining the Lysterfield Hills to Emerald township, but a considerable area near 
the Silvan Dam is underlain by granodiorite at shallow depth. Small residuals of 
Tertiary Older Volcanic basalts occur as outliers in the southern section of exposed 
granodiorite, the size of the outliers increasing to the south, and larger outcrops of 
basalts flank the Devonian extrusive rocks in the northern section. 

The geological map accompanying the. paper (Fig. 2) links together the maps 
of previous workers. The eastern boundary of the extrusive rocks between Evelyn 
and Emerald was mapped by Easton (1908) during a rapid survey of the Woori 
Yallock basin, and has been modified and somewhat diversified in the light of 
improved exposures. The east-west contact of the extrusive rocks with the grano¬ 
diorite to the south was mapped in detail by Skeats (1910) and remains unchanged. 
The northern part of the area, between Coldstream and Mount Dandenong, was 
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mapped in detail by Morris (1914), who first appreciated the diversity of the 
extrusive rock types present. Morris subsequently extended his mapping further 
south, but this work was not published, and is not available, so that this part of the 
area was re-mapped. Morris’s boundaries in the northern part of the area were 
also re-mapped, and somewhat modified. Kitson (1902) made a rapid survey of 
the granodiorite boundaries in the vicinity of Berwick, and this area was mapped 
by Holmes, Leeper and Niccols (1940). More recently Hills (1941) demonstrated 
the presence of tuffs along the western scarp of the Dandenong Ranges, and re¬ 
interpreted the structure of this scarp. 



Fig. 1— Sketch map showing the extent of the igneous rocks, and the three physiographic 
regions forming the Dandenongs Igneous Complex. 

Physiography : 

The area consists of three naturally distinct regions, which will be referred to 
as the Lilydale Hills, the Dandenong Ranges, and the Harkaway Hills. 

The Lilydale Hills 

This name is introduced to describe the hills, composed of toscanites, rhyolites 
and rhyodacites, that stretch from midway between Lilydale and Coldstream, 
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southwards to the northern slopes of Mount Dandenong (Fig. 1). Individual 
summits rise about 800 ft. above sea-level, and a number rise above 700 ft. The 
eastern margin of these hills is marked by Stringy Bark Creek, while their 
western edge is a low scarp rising above the broad flood plain of the lower part 
of Olinda Creek and the Croydon Lowlands. This scarp is masked somewhat in 
its middle course by the high-level residual of Tertiary olivine-basalt west of 
Cave Hill. In the north the hills end abruptly against the alluvial flats of Olinda 
Creek and its tributaries. 

The streams are mostly small and intermittent, commonly with steep rocky 
valleys, and the drainage is dominated by Stringy Bark Creek, which flows north¬ 
wards along the eastern margin of the hills, and Olinda Creek, which flows from 
south-east to north-west through the hills, but has its source and headwaters 
several miles to the south, on the eastern slopes of the Dandenong Ranges, and 
more or less on the line of Stringy Bark Creek. This upper part of Olinda Creek 
originated as the western lateral to the basalt flow extending southwards from 
Mount Evelyn township. In pre-basaltic times its water flowed along the eastern 
side of the Lilydale Hills, as the pre-basaltic continuation of Stringy Bark Creek, 
but the basalt, in filling this section of the old valley, diverted the water across the 
hills, so that it linked up with Olinda Creek (Edwards, 1939). The alluvium 
brought down by the steeply graded intermittent streams, and by the main streams, 
is deposited abruptly where they, enter the flats. The depth of alluvium, even 
close to the edge of the igneous rocks, is considerable in places, as at the tile works 
quarry at the north-east end of Lilydale township, where on one side of the road 
is an outcrop of igneous rocks and on the other an exposure of alluvial sands and 
clays extending 30 ft. or more below the outcrop. 

The Dandenong Ranges 

The name Dandenong Ranges is here restricted to the high plateau-like moun¬ 
tain ridges that extend from Montrose and the east-west section of Olinda Creek, 
southwards to the Ferntree Gully-Gembrook railway line (Fig. 1). This region, 
consisting essentially of a great thickness of dacites and rhyodacites, with a little 
granodiorite and some indurated Palaeozoic sediments in the north, consists of a 
connected series of gently sloping or flat-topped ridges, whose crests lie between 
1400 and 2000 ft. above sea-level. It is delimited by a series of scarps, and may 
be regarded as a tilted plateau-like block that has been extensively dissected. 

The western margin is a continuous scarp, with only one major re-entrant, a 
double re-entrant, caused by the two branches of Dandenong Creek, where they 
debouch from the mountains at The Basin. 

A somewhat lower scarp extends along the eastern side to near Emerald. 
This scarp is broken by a re-entrant where Olinda Creek has cut back towards 
Kalorama, and by a major re-entrant where Sassafras Creek has cut back into 
the ranges from The Patch almost to Sassafras. 

I he Sassafras and Dandenong Creek re-entrants, being almost opposite each 
other, give rise at Sassafras township to a saddle scarcely a hundred yards wide 
at 1550 ft. above sea-level, dividing the range into two main sections. The northern 
section is roughly triangular in shape, and is an asymmetrical ridge. The crest of 
the ridge is along the crest of the western scarp, rising from about 1600 ft. on 
Mount Dandenong North to 2078 ft. at Mount Dandenong, and about 2050 ft. 
at Barnes’ Lookout, whence it trends south-east to Sassafras. In contrast to the 
steep descent to the west, and north-west, the surface slopes gently to the east, 
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descending to about 1500 ft. at Mount Dandenong Church, and to about 1700 ft. 
at Olinda, where the slope steepens into the eastern scarp. The surface is not a 
uniform slope, but is dissected into spurs. 

At Kalorama this northern section is reduced to a saddle about 50 yards wide, 
at 1500 ft., by the re-entrant of Olinda Creek, cutting off Mount Dandenong North 
from the main ridge. . 

The drainage pattern of the whole northern section is radial. 

The southern section of the Dandenong Ranges is a south-east trending ridge 
extending from One Tree Hill (1645 ft.) in the north-west to Johns Hill (1375 
ft.) in the south-east, and somewhat dissected by a series of south-flowing creeks. 
It is divided into two parts by the low saddle at Kallista (1175 ft.), caused by the 
headwaters of Monbulk Creek cutting northwards towards Sassafras Creek. The 
north-western part is the higher and broader of the two. Its highest point (1850 
ft ) is the prominent hill immediately south-west of the Ferny Creek-Sherbrook 
crossroads (Memorial), whence it falls to 1550 ft. near Sherbrook Lodge. The 
south-eastern part is narrower and asymmetrical. It extends from east of Kallista 
to John’s Hill, rising to heights of 1450 ft., and has a steep, slightly embayed 
scarp to the north-east. The southern slope is gentler, though still steep, and is 
dissected into a series of spurs by creeks (Ferny Creek and the branches of Hardy 
Creek) tributary to Monbulk Creek. 

Menzies Creek is of interest in that, rising in a series of small south-flowing 
creeks, it turns south-east along the margin of the range proper, to its south¬ 
eastern corner, and then turns north to join the Woori Yallock Creek. 


The Hark away Hills 

The name Harkaway Hills is used here for the apparently nameless area of 
hills of granodiorite extending from the line of Monbulk Creek and from the Selby 
to Cockatoo section of the railway line, southwards almost to the Prince’s Highway, 
at a lower level than the Dandenong Range. Judged by the heights of the ridge 
tops, this area is a dissected plateau, the surface of which sloped to the south-west. 
Along the northern margin the heights of the granodiorite ridge and the hilltops 
rise progressively from about 600 ft. at Lysterfield to over 1000 ft. between Clematis 
and Emerald, and to 1150 ft. south of the railway line between Emerald and 
Cockatoo. Southwards from Cockatoo the levels fall steadily to 800 ft. at Upper 
Beaconsfield and 600 ft. near Pakenham. At Narre Warren North they are about 
600 ft., and at Wilson’s Hill and near Berwick, where the summits of the hills are 
basalt-capped, about 450 to 500 ft. Along the southern margin there is an abrupt 
descent equivalent to a scarp to the northern edge of the Koo-Wee-Rup Swamp, 
which is here 50 to 100 ft. above sea-level. In the northern part of these hills the 
streams trend SSW and SW in a definite pattern, related to the slope and the 
jointing of the granodiorite. Further south the influence of the southern scarp¬ 
like edge makes for south-flowing streams, particularly between Berwick and 
Pakenham. 

The name Harkaway Hills is proposed to distinguish these hills from the 
pronounced ridge of hornfels rising to 790 ft., known as the Lysterfield Hills, on 
their north-western margin. 

Nomenclature 

I have deliberately adhered to the older terminology of Morris (1914) in order 
to preserve the awareness of sequence of extrusion necessary to the argument 
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presented. To conform to the Australian Code of Stratigraphic Nomenclature 
would involve the introduction of a number of locality names for the various 
lavas which would confuse rather than clarify the concepts presented. 

The Igneous Rocks 

The igneous rocks will be dealt with in their order of extrusion and intrusion. 
They comprise the following mappable units, beginning at the base of the series: 

1. Toscanites — which include a Lower and an Upper series. 

2. The Lower Dacite Group—comprising flows of rhyolite, rhyodacite and 
dacite, many of them fragmental, in that order of superposition, with the 
rhyolite at the base, together with intercalated pyroclastics. 

3. The Middle Dacites — rhyodacites and related pyroclastics. 

4. The Upper or Hypersthene Dacite — the major extrusion. 

5 ! Porphyrite intrusions — minor intrusions (plugs and/or dykes). 

6. Granodiorites and granodiorite porphyrites — a small batholith (100 sq. 
miles), a stock and some dykes. 

7. Porphyrite dykes — a minor dyke swarm in the batholith. 

There are also present in the area a number of flow residuals and dykes of 
olivine basalts belonging to the Tertiary Older Volcanics, but these, though mapped, 
are not described. 

These various rocks overlie or intrude Lower Palaeozoic sediments of (?) 
Silurian to Lower Devonian age, that had been folded during the orogeny that 
preceded the development of the igneous rocks. 

The Toscanites 

The earliest-formed extrusive rocks of the complex are a series of toscanites. 
These rocks are chemically similar (Table 1), but they fall into two distinct groups, 
which Morris (1914) termed the Lower and Upper Toscanites. The two groups 
outcrop in concentric belts along the north-eastern, northern and western margin 
of the extrusive rocks, from a point about a mile north-east of Evelyn Railway 
Station, to a point as far south as Boronia. The outcrops have the form of an 
‘inverted J, the curve of the J being convex to the north (Fig. 2). 

The Lower Toscanite extends further south than the Upper Toscanite, which 
does not occur south of Scoresby Shire quarries. The outcrops of the Lower 
Toscanite are, however, discontinuous, being of the nature of valley flows. In the 
northern part of the area the erosion of the original interfluves has left these valley 
flows as ridges, which slope down gently towards the south. The flow lines of the 
toscanite show dips of from 10° to 15°, directed more or less radially towards a 
point midway between Lilydale and Wandin Railway Station. The contacts of 
the Lower and Upper Toscanite, and of the Upper Toscanite with the overlying 
Lower Dacite Series, show similar radially disposed dips, indicating that the 
northern part of the igneous complex, the area comprising the Lilydale Hills, has 
been warped into a gently dipping syncline, with a southerly pitch of about 10 
to 15°. 

South of Montrose the dip of the Lower Toscanite flow planes steepens to 
about 70°, and this steep dip persists in all the toscanite outcrops along the 
western margin of the Dandenong Ranges. The steepening of the dip is due to 
a monoclinal warp trending across the extrusive rocks from the vicinity of Evelyn 
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Table 1 
Analyses of Toscanites 



1 

2 

3 

4 

5 

6 

SiO, 

6819 

69-98 

68-57 

67-74 

70-30 

69-93 

Al t u s 

14-98 

14-91 

15-05 

14-58 

15-34 

15-14 

Fe*0 3 . . 

0-74 

1-15 

0-92 

2-51 

1-98 

1-30 

FeO 

2-74 

2-60 

2-74 

2-35 

2-15 

2-3‘i 

MgO 

0-29 

0-36 

0-42 

0-54 

0-10 

0-26 

CaO 

1-95 

1 -31 

2-63 

2-42 

0-20 

1 -80 

Na 2 0 

3 34 

3-00 

3-01 

2-85 

2-84 

3-36 

K 2 (J . . 

3-64 

4-26 

3-71 

5-24 

3-46 

3-55 

U 2 U-f- .. 

1-40 

106 

0-68 

0-09 

9 • 

0-83 

HjO— .. 

0-14 

0-16 

0-15 

1-40 

0-39 

0-07 

co 2 

1-93 

0-12 

1-80 

0-01 

nil 


Ti0 2 

0-20 

0-79 

0-20 

0-26 

0-25 

0-25 

p,o 5 

0-05 

0-09 

0-08 

0-08 


0-03 

MnO 

0-08 

0-09 

0-08 

0-08 

_ 

0-05 

Cl 

tr. 

0-02 

nil 

tr. 


tr 

so a 

nil 

0-03 

tr. 

nil 

tr. 


BaO 

0-27 

— 

0-30 



0-30 


99-94 

99-93 

100-34 

100-16 

99-23 

99-15 


L Black ’ s Q uarr y- allot. 24, parish of Yering (Proc. Roy. Soc. Vic., 

a- 4 (15/14) j 353). 

2. Lower Toscanite, upper part, cutting on crest of old Healesville road, between allots 
1 and 24, parish of Yering. Analyst— G. C. Carlos. 

3 ' ^ W , e . r ,7° sc . ani . te - most westerl y quarry, allot. 49, parish of Mooroolbark (Ringwood: 
o40.j43) . Amlyst —A. B. Edwards. 

4. Lower Toscanite, quarry on SW side of road from The Basin to Bayswater, allot 71 
parish of Scoresby (Ringwood: 330.326). Analyst— G. C. Carlos. 

5. Upper Tosca > 1I te. quarry east of Colchester road, allot. 51, parish of Mooroolbark 
(Ringwood: 346.347) (Ann. Rept. Sec. Mines Vic. for 1908, p. 66). 

C ' UPPer J oscai ute. quarry 1 mile east of Mooroolbark, allot. 22C, parish of Moorool¬ 
bark (Proc. Roy. Soc. Vic., 24 (1914); 353). 

State School south-westwards towards Bayswater (Hills, 1941). As a result of 
the warping, the toscanite outcrops in the vicinity of the monocline approximate 
m form to the cross-section of the infilled vallevs, which now stand in a nearly 
vertical position. ' 3 

The Upper Toscanite, which was more of a sheet-like extrusion than the earlier 
flows, has a correspondingly more continuous outcrop than the Lower Toscanite. 

Lower Toscanite. This rock is well exposed in Black’s quarries, close to the 
railway line at the north-western extremity of the pronounced ridge running in 
that direction, midway between Lilydale and Coldstream, and in the roadside 
quarries on the adjacent ridge to the east. Other excellent exposures occur in the 
cuttings of the Lilydale-Warburton railway line, just north of Lilydale township; 

tl I ?» or ® westerl .y Scoresby Shire quarries on Liverpool Road, north 

" e Basin; and in the quarry on the south side of the Bayswater-Basin road. 
When fresh it is a dark greenish to bluish-grey rock, with occasional phenocrvsts 
ot felspar in a dense base. It weathers to various shades of buff and cream.' Its 
distinctive and characteristic feature is a fine platy flow structure which causes it 
to break into plates from 5 to 10 mm. thick. This flow structure is most prominent 
in the lower parts of the flows, particularly when the rock is weathered, hut may 
be overlooked in freshly broken, unweathered rock. 
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At Black’s quarries, where the rock is exposed in faces 100 ft. high, the rock 
has a pronounced columnar structure. The columns have their long axes at right 
angles to the walls of the original valley, which trended NW-SE, and dip to the 
north-west, as a result of the synclinal warping of the district. The platy flow-lines 
lie at right angles to the long axes of the columns, so that they are parallel to the 
curvature of the valley floor. Occasionally they are folded into small drag-folds 
of several inches amplitude, presumably from movement of the lava as it became 
viscous. In some specimens there are two strongly marked series of parallel band¬ 
ings of identical appearance with the flow lines, inclined at an angle of 60° to one 
another. One slightly shears the other (the true flow planes), and they influence 
the jointing, so that there is a tendency for the rock to break into triangular 
fragments and blocks. 

In the higher parts of these flows the parallelism of the flow structure is less 
perfect and grades into a sub-parallel arrangement of phenocrysts and dark streaks, 
which though irregular is still prominent. The change can best be observed during 
an ascent of the hill immediately east of the road from Lilydale to Coldstream, 
near the northern margin of the igneous rocks, starting from the quarries alongside 
the old road that crosses the shoulder of this hill, or by going south-eastwards 
along the ridge from Black’s quarries. This upper phase is best exposed in the 
railway cutting of the Lilydale-Warburton railway line, north of Lilydale, where 
the railway line bends to the south-east, and passes under the wooden bridge 
leading to Black’s quarries. The low elevation of the upper phase at this point 
(R.L. 350 ft.) compared with its higher elevation further north (450 ft.) is due 
to the southerly dip of the Lower Toscanite in this vicinity. 

Morris (1914, p. 338) thought this change in the flow structure almost suffi¬ 
cient to warrant subdivision of the Lower Toscanite. He also suggested that a 
a third, still higher, phase existed, but this uppermost phase cannot be distinguished 
from the Upper Toscanites. Moreover, a change of slope always accompanies its 
outcrop, and the change in the rock is abrupt. It has been mapped, therefore, as 
Upper Toscanite, as a result of which the boundary of the Lower Toscanite and 
Upper Toscanite shown in Fig. 2 differs somewhat from that shown by Morris. 
With this change of interpretation, the faulted junction shown by Morris (the 
Lilydale Fault) becomes a normal junction corresponding to a south to south¬ 
easterly sloping contact between the two rocks, with outliers of Upper Toscanite 
on the higher ground west of the main junction. 

Immediately south of Bickleigh Vale the marginal Lower Toscanite is highly 
fragmental, the included fragments consisting of altered Lower Devonian (Yer- 
ingfan) sediments. The Palaeozoic sediments just to the west form hills that rise 
50 to 100 ft. above the base of the toscanite. 

In thin section the rocks from the lower parts of the flows are found to consist 
of sporadic squarish phenocrysts of felspar, from 0‘ 5 to 1 mm. across, set in a 
cryptocrystalline groundmass of felspar, chloritized biotite and a little quartz. The 
phenocrysts are partially altered to sericite, but occasionally show lamellar twin¬ 
ning, with a maximum extinction angle of about 20°. They are optically positive, 
and so are andesines of composition about AbooAn 4 o. 

The felspar in the groundmass consists of lath-like microlites, with apparent 
parallel extinction, and more abundant more or less rectangular crystals of orthoclase 
up to 20 microns in diameter. The crystals show flow alignment to varying degree, 
so that the texture of the rock might be described as micro-trachytic. The plagio- 
close microlites might be oligoclase, but the very small amount of CaO (other than 
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calcite) in the chemical analyses suggests that they approach albite in composition. 
It is possible, however, that part of the lime in the calcite that is commonly present 
in these rocks is derived from the original plagioclase. The biotite occurs as minute 
flakes, commonly completely altered to green chlorite. In some sections, however, 
the chloritization is only partial, and the biotite is pleochroic in greens and browns’ 
The biotite is distinctly concentrated into parallel strings and drawn out lenses, 
which mark the closely spaced flow planes of the rock. The flakes of biotite in 
these flow planes are somewhat larger than those in the body of the rock, and 
small crystals of quartz, distinctly larger than those that occur throughout the 
groundmass, are associated with them. Iron ore occurs throughout the sections 
as uniformly distributed fine dust. In a number of sections the groundmass is 
spotted throughout with small areas of calcite. 

Occasionally the rock appears in thin section to be more basic, approaching in 
composition to an andesite rather than a toscanite. This variation is found in the 
roadside quarry on the south side of the Bayswater-Basin road, about ^ mile on 
the Bayswater side of The Basin school at (Ringwood: 325.320).* The ground- 
mass felspar is composed predominantly of minute laths of plagioclase, with an 
extinction angle of 15 degrees, accompanied by rectangular or lath-like, untwinned 
crystals of orthoclase. The laths show flow arrangement, small areas of the 
groundmass showing uniform extinction. The texture of the rock is pilotaxitic to 
micro-trachytic. Associated with the chloritized biotite are numerous small grains 
of sphene, and a little calcite. Some sections are spotted throughout with calcite. 
fhe iron ore in this rock is rather coarser than in the more normal toscanite, and 
is chiefly magnetite, occurring as idiomorphic crystals, some approaching the size 
of microphenocrysts. A comparable rock occurs in allotment 25, parish of Yering, 
and in allotment 4, parish of Gruyere. A chemical analysis of the Bayswater road 
rock (Table 1, Analysis 4) shows, however, that it is not significantly different 
chemically from the other Lower Toscanites. 

The rocks from the upper phase of the Lower Toscanites are vesicular in some 
outcrops. Phenocrysts of felspar are somewhat more abundant, and have their 
long axes parallel to the flow structure. The flow planes are marked by broader, 
more irregular concentrations of biotite. The biotite occurs in coarser flakes and 
is generally accompanied by relatively coarse crystals of calcite, and of quartz, 
forming irregular sub-parallel lenses through the rock. The other distinctive feature 
of these rocks is that there appears to be more quartz in the groundmass. It forms 
more or less micro-granophyric intergrowths with the groundmass felspars, so that 
under crossed nicols the groundmass appears to be patchy. 

Upper Toscanite. The Upper Toscanites, when fresh, are blue-black aphanitic 
rocks, with occasional phenocrysts of felspar up to 2 mm. long, and generally 
rectangular in shape. They weather to various shades of grey, huff and near-white, 
when they resemble indurated sediments. They are readily distinguished from the 
Lower Toscanites by their lack of flow structure, and their blocky jointing, which 
causes them to break into more or less cubic pieces. When weathered, the joint 
planes are commonly outlined by films of limonite. Fragmental Upper Toscanite 
is prominently developed in the north-eastern part of the area (Ringwood: 
440.440), where innumerable fragments of Silurian sediments, showing various 
degrees of metamorphism, are caught up in a matrix of what appears to be Up]>er 
Toscanite. Somewhat similar agglomerates occur in the Upper Toscanite forming 

*Ringwood Sheet (1935), Military Survey of Australia. 
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the two conical hills just east of Grey’s Road (Ringwood: 436.440), and can be 
seen to overlie the Lower Toscanite on the northern flank of the more northerly 
of these two hills. Fragmental Upper Toscanite overlying Lower Toscanite also 
occurs just south of Bickleigh Vale, and here fragments of Lower Toscanite show¬ 
ing typical flow structure have been caught up in the Upper Toscanite in con¬ 
junction with sedimentary fragments. In thin section the Upper Toscanites closely 
resemble the Lower Toscanites. They are even finer-grained, however, and show 
no flow structures. Also, they contain much less biotite in their groundmass. 
which is sometimes impregnated with granules of calcite. Chemical analyses show 
no significant difference of composition. 

The Lower Dacites 

Overlying the toscanites is a series of flows and pyroclastics which Morris 
(1914) termed the “Lower Dacites". These rocks are characterized by a prevailing 
grey, greenish-grey or green colour, and by the presence of abundant phenocrysts 
of quartz, and occasional large pink garnets. In addition they almost invariably 
contain numerous angular rock fragments, up to an inch across, or even larger. 
The fragments consist of hornfels, toscanite and dacite. They are generally suffi¬ 
ciently enclosed in porphyritic dacite whose groundmass shows flow structure to 
leave no doubt that the rocks are flows. 

More than one flow, and probably a large number of small flows, is present, 
but the general similarity of the rocks and the inadequate exposures make it 
impossible to define the limits of the individual flows, or the extent of the inter¬ 
calated pyroclastics. Thin beds of tuff, a few feet thick, are exposed in a road 
cutting on the south side of Yorke Road near its junction with Inverness Road, 
along the south bank of Olinda Creek (Ringwood: 393.387). These beds dip at 
25° S. Occasional poorly exposed occurrences of tuff have been observed along 
the road leading from this point to Evelyn, and on the adjacent hillsides. 

The dacites on either side of this E-W section of Olinda Creek are highly 
fragmental, and in the right-angle bend of Olinda Creek at the eastern end of 
this section flow rocks give place to coarse agglomerate with fragments up to 12 
inches across, some of them rounded, and most of them hornfels. Morris (1914) 
interpreted this occurrence as marking the site of a centre of eruption, and he 
described the dacites outcropping on the steep slopes leading from this E-W section 
of Olinda Creek up to Mount Dandenong as “entirely fragmental”, ranging from 
“coarse agglomerate to dun-coloured lapilli containing no visible minerals". The 
lapilli he reported as always higher than the agglomerate, and probably marking 
the final stage of the Lower Dacite extrusions. 

The section through these rocks exposed subsequently in the road cuttings of 
the Mountain Highway, leading from Montrose to Kalorania, do not support 
Morris’s interpretation of these rocks as “entirely fragmental", but reveal them 
to be essentially fragmental lavas such as are found elsewhere in the formation, 
with occasional intercalated agglomerate beds. Thus Hills (1941) reports an 
agglomerate bed dipping at 30° SE exposed in two small quarries about 200 yards 
above Long View House (Ringwood: 385.370), and lying between Lower Dacites 
showing flow planes that dip in conformity with the agglomerate bed. 

Examination of the disconnected outcrops on the hill slopes below the road, 
between it and Olinda Creek, confirms that the greater volume of these rocks are 
fragmental dacite flows rather than agglomerate. 
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Extent. The Lower Dacites form the greater part of the Lilydale Hills, extend¬ 
ing southwards from the Lilydale-Warburton road to the lower slopes of Mount 
Dandenong. Flow planes are commonly present and show a prevailing dip to the 
south and to the south-east (in the western part of the Lilydale Hills). North of 
Olinda Creek the flow planes dip at 10° to 15°, but south of the Creek (Yorke 
Road) the dip increases, until along the Mountain Road it is as high as 55°. 

The Lower Dacites extend along the western flank of the Dandenong Ranges 
to the railway line just west of Upper Ferntree Gully, and a small outcrop inter¬ 
preted as Lower Dacite occurs at the western end of the ridge crossing the 
Lysterfield road on the north bank of Monbulk Creek. As far south as the railway 
line these rocks appear to dip at angles of 60° to 90° to the south-east or east, 
the easterly dips developing at the southern end. In the Glenfern Quarries, close 
to Upper Ferntree Gully Station, Hills (1941) reports several thin, impersistent 
beds of tuff containing fragmental plant remains that strike N 20 W, and dip at 
<80° W, whereas elsewhere in the quarry he found the flow planes and bedding 
planes dipping at 70° to 80° easterly. He also records the occurrence of massive 
beds of pyritized tuffs on the eastern side of the quarry, establishing the presence 
of several lava flows at this locality. In the vicinity of The Basin, also, more than 
one flow can be recognized, but the outcrops are too discontinuous for the individual 
flows to be mapped. 

Rhyolites. Despite the number of flows involved, a progressive variation in 
composition is evident, extending from the base of formation to the top. The 
rocks at the base are rhyolites and fragmental rhyolites (Table 2, Analysis 7), 
consisting of numerous embayed phenocrysts of quartz, and many fewer pheno- 
crvsts of orthoclase, together with an occasional corroded pink garnet, set in a 
glassy to cryptocrystalline groundmass showing flow structure. Rock fragments 
are common, and consist chiefly of hornfels and toscanites. 

The rhyolites occur all along the northern edge of the Lower Dacite formation, 
and along its north-western edge nearly to Montrose. Rocks near the Salvation 
Army Boys’ Home near The Basin also appear to be rhyolites. The junction of 
the rhyolites with the Upper Toscanite is commonly marked by a distinct change 
in the slope of the hillside; and the gently south-dipping joint planes in the 
rhyolite reveal the attitude of its base. 

There is no sharply defined top to the rhyolites, but rather a gradation into 
the overlying quartz dacite, 200 ft. to 300 ft. above the base, as indicated on the 
geological map (Fig. 2). 

There must have been other rhyolite areas, because fragments of rhyolite are 
not uncommon in the Lower Dacite lavas higher in the formation, and the pyro- 
clastics south of The Patch on the eastern side of the Dandenong Ranges contain 
rhyolite fragments. 

Rhyodacites. As the formation is followed upwards, at about 200 ft. to 300 ft. 
above the base, the rhyolite grades into a grey rhyodacite closely comparable with 
the grey “quartz dacite” of the Maroondah Dam area (Edwards, 1932a). The 
groundmass becomes increasingly crystalline, though still only microcrystalline; 
the quartz phenocrysts are joined by phenocrysts of felspar, both orthoclase and 
oligoclase, which come to outnumber the quartz; and most thin sections and hand 
specimens contain phenocrysts of pink garnet, about 2 mm. across. The garnet 
is an almandine, like that in other Victorian dacites (Edwards, 1936). 
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Si0 2 

ai 2 o 3 

Fe 2 0 3 
FeO 
MgO 
CaO 
Na a O 
KjO 

H 2 O + 105°C 
H 2 0 —105°C 

co 2 . . 

Ti0 2 
P*O s 
MnO 

so 3 

FeS 2 
Cl .. 

BaO 


Totals 


73 • 85 
14-45 
0-61 
1-20 
0-83 

1- 40 

2- 09 
5-19 

0-21 

0-10 

nil 

0-28 

tr. 

0-10 


100-31 


68-73 

13-16 

1- 17 

2- 74 
22 
03 
30 


1 
3 
2 

2-59 


1-86 

0-09 

1-50 

0-50 

0-17 

0-09 

nil 

0-18 

tr. 

0-20 


99-47 


9 


64-06 

17-86 

1- 78 

2- 90 

1- 49 

3- 01 

2- 44 

3- 01 

1-63 

0-20 

0-18 

0-68 

0-16 

tr. 

nil 

0-11 

nil 


99-60 


10 


64-75 

15-47 


08 

75 

36 

94 

01 

10 


1-11 

0-41 

nil 

0-80 

0-26 

0-05 

0-03 

nil 


100-12 


Explanation 

7. Rhyolite base of the Lower Dacite Series, i mile NE of the railway bridge over the 
A y B & 7 8 Edwm-ds V1 C ^ the LllydaIe townshi P (Ringwood: 388.434). Analyst— 

8. Quartz-dacite, railway cutting between Lilydale and Evelyn, allot. 30C, parish of 
Mooroolbark. (Proc.Roy. Soc. Vic., 24 (1914) ; 353.) Analyst- F. F. Field 

o^attatTnen't. 6 ' .^watyr^F^F^Fleld^ 00 ™ 0 ^ 31 "^' CU " i,,g * ^ *'°" S NE bo ' lndary 

Ift a " ot - 53M ' parish of s “- by 

Two analyses of these rhyodacites (Table 2, Analyses 8 and 9) show the 
considerable change in composition from the rhyolite to the rhyodacite but indicate 

c h S the / h A y i°r? at L S are / elatlvel y consistent in composition. The differences in 
Si0 2 and A1 ? 0 3 shown by Analyses 8 and 9 could be due to experimental error 
as indicated in a later section. Analysis 8, with the higher Si0 2 figure, is more 
likely to be the correct composition of the rock. 

This P has e of the Lower Dacites is about 300 ft. to 400 ft. thick and outcrops 
over most of the southern half of the Lilydale Hills and along the western side 
of the ranges as far south as The Basin. 

Green fclspathic phase. Still higher in the Lower Dacite formation the felspar 
phenocrysts become more prominent, largely by a more abundant development 
of plagioclase, which occurs as glomeroporphyritic clots, and dominates the ortlio- 
clase and particularly the quartz. Ferromagnesian minerals appear as phenocrysts 
but have been converted to a bright green chlorite, as have Ly ferromagnesian 
minerals m the groundmass. As a result the rock has a general green colour, 
studded with white felspar prisms. Some yellow epidote is associated with the 
chlorite, together with a little granular sphene-a breakdown product from former 
biotite. In addition minute grains and films of pyrite and pyrrhotite occur in places 
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This green felspathic dacite is distinctly richer in CaO, FeO and MgO than 
the grey rhyodacites, as well as somewhat less siliceous, as may be seen from 
Table 2, Analysis 10. It extends all along the north-western and western side of 
the Dandenong Ranges, and also occurs in the outcrops adjacent to Monbulk 
Creek, at the southern limit of the dacites. 

Morris (1914, p. 345) appears to have regarded this rock as part of his 
“Middle Dacite Series”, in that it overlies the more fragmental dacites which he 
termed the “Dandenong Agglomerates” and accepted as the top of the Lower 
Dacites In view of the purelv local occurrence of this agglomerate, and the fact 
that the “dun-coloured lapilli" beds appear to occur above the green felspathic 
dacite it seems better to include it with the Lower Dacites. The variation diagrams 
(Figs' 3 and 4) support this interpretation, in that the green felspathic dacite 
appears somewhat more basic than the Middle Dacites proper, and fits well to 
curves of the other Lower Dacite analyses. 



v MIDDLE DACITE * UYrxt - 

□ v LOWER DACITE ■ GRANODIORITE 

a TOSCANITE 0 UPPER DACITE 

Fig 3.—A. Variation of CaO in relation to (SiOa + AhOa). 

B. Variation of MgO in relation to (SiOa + AbOa). 

C Variation of total iron as FeO in relation to (SiOa + ALOs). 
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Moreover, the tuff beds at the top of this dacite separate it from a distinctive 
flow or flows, darker in colour, and with more numerous and coarser phenocrysts 
of quartz, and a distinctive groundmass. This contact is mappable for considerable 
distances along the north-western and western sides of the ranges. 

This green felspathic phase is about 200 ft. to 300 ft. thick, increasing in 
thickness towards Ferntree Gully. 

The Middle Dacites 

This group of lavas is precisely demarcated from the overlying Upper Dacite 
by the distinctive black chilled base of the Upper Dacite, which is devoid of quartz 
phenocrysts, whereas the Middle Dacite beneath it, though dark, contains abundant 
quartz phenocrysts, and resembles the rhyodacites of the Black Spur (Edwards, 
1932a), which occur in a similar stratigraphic position, with hypersthene dacite 
above, and rhyolites and grey quartz dacite (rhyodacite) below. In places the 
distinction between the two is rendered somewhat difficult because the Middle 
Dacite has a dark chilled top, in which the quartz phenocrysts are not obvious in 
the hand specimen. Along the western side of the Dandenong Ranges, however, 
the contact of the two is the more evident from the occurrence of thin beds of tuff 
at the contact. As exposed in the cuttings of the Mountain Highway from Mon¬ 
trose to Kalorama, these tuffs, and the flow planes in the adjacent rocks, dip at 
70° to 75° SE. 

It has been possible to trace this tuff bed southwards along the western scarp 
of the ranges as far as the One-in-Twenty Road from The Basin to Sassafras. 
It is exposed in an old quarry on the road to “Doongala”, near the head of 
Dandenong Creek, where it is pyritized, and in the roadside on the road from the 
Salvation Army Home to Olinda (Mount Dandenong Hotel). Between the Moun¬ 
tain Highway and these exposures there is no prominent outcrop, but blocks of 
tuff, more or less in situ, occur at short intervals, and outcrops of Middle Dacite 
are found below them, but not above. Similar blocks of tuff have been observed 
as far south as The Basin-Sassafras road. 

Morris (1914) placed the base of the Middle Dacites as directly above the 
highly fragmental phase of the Lower Dacite which he termed the “Dandenong 
Agglomerates”, and differentiated it as containing no fragmental material. 

In addition he recognized two variations in the Middle Dacites : 

(i) a lower grey rock showing numerous phenocrysts of felspar, quartz and 
biotite, together with garnets, in a glassy groundmass showing flow lines; 
and 

(ii) an upper dark rock, with fewer but larger phenocrysts of quartz, felspar 
and biotite in a groundmass of quartz, felspar and biotite “shimmering” 
with minute biotite flakes (a very apt description of its appearance under 
crossed nicols), to which it owes its dark colour. 

The cuttings of the Mountain Highway, between Montrose and Kalorama, 
built subsequently to Morris's study, provide an almost continuous section through 
the Lower Dacites, Middle Dacites and the Upper Dacite on the northern flank 
of Mount Dandenong, and permit a more precise definition of boundaries. 

As noted by Hills (1941), the rock described by Morris as the “upper type” 
of Middle Dacite — the dark rock with large phenocrysts of quartz and felspar, 
and a groundmass “shimmering” with minute flakes of biotite — is sharply bounded 
by the Upper Dacite (hypersthene dacite) above, and by a band of fossiliferous 

j 
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tuff below. Beneath this tuff bed are grey and greenish-grey porphyritic lavas, 
notably fragmental in places, which correspond in detail to Morris’s Lower Dacites. 
As noted in the section dealing with the Lower Dacites, the exposures in these 
cuttings reveal that the ‘‘Dandenong Agglomerates” are of only local extent, and 
their top is ill-defined, so that they do not form a mappable horizon. In contrast, 
the dark rock with large phenocrysts of quartz and felspar, accepted by Hills as 
the Middle Dacite, can be traced as a belt about 800 ft. to 1000 ft. thick along the 
western side of the Dandenong Ranges to a point west of One Tree Hill, and a 
fairly sharp junction with the underlying green felspathic Lower Dacites can be 
mapped over this distance of about five miles. It is possibly a single flow, and is 
relatively free from rock fragments. A small outcrop of the same dark rock occurs 
on the south bank of Monbulk Creek, at the western edge of the dacites; and an 
identical rock, except that it contains rock fragments, occurs east of The Patch, 
on the eastern margin of the Dandenong Ranges, where there are no associated 
grey or green rocks. 

For these reasons Hills’s (1941) definition of the Middle Dacite is adopted 
here, and Morris’s (1914) “lower type” of Middle Dacite is included with the 
Lower Dacites. Incidentally, this appears to conform with Morris’s labelling of 
his own thin sections. 
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granodiorites. 


Chemically, the felspathic phase of the Lower Dacites, immediately below the 
Middle Dacites, as here defined, is a somewhat more basic rock than such Middle 
Dacites as have been analysed (Figs. 3 and 4), although two of the three Middle 
Dacite analyses fit well to the curves for the Lower Dacite analyses. These three 
analyses are shown in Table 3. 











THE RHYOLITE-DACITE-GRANODIORITE ASSOCIATION 

Table 3 

Analyses of Rocks of the Middle Dacite Series 


125 



11 

12 

13 

SiO £ 


65-83 

65-26 

67-45 

ai 2 o 3 


14-89 

16-38 

15-54 

Fe 2 O a 


0-73 

1-36 

1-90 

FeO 


4-63 

3-70 

3-62 

MgO 


1-88 

1-67 

0-92 

CaO 


3-13 

3-45 

2-99 

Na s O 


2-12 

2-63 

2-18 

k 2 o 


2-32 

3-92 

3-63 

H 2 O + 105 o C 


2-41 

0-29 

0-65 

H 2 0 — 105°C 


0-17 

0-04 

0-06 

co 2 


0-47 

0-06 

nil 

TiO* 


0-89 

0-57 

0-75 

p*o 5 


0-16 

0-30 

0-28 

MnO 


0-10 

0-09 

0-04 

so 3 


nil 

0-04 

nil 

FeS g 


0-10 

— 

— 

Cl 


tr. 

— 

nil 

BaO 


0 13 

— 

— 

NiO 


0-01 

— 

— 

Totals .. 

•• 

99-93 

99-70 

100-01 


Explanation 

11. Middle Dacite, NE flank of Mount Dandenong ( Proc. Roy. Soc. Vic., 24 (1914); 
353). 

12. Middle Dacite, 1 in 20 road (Mountain Highway), between The Basin and Sassafras 
(Ringwood: 427.284). Analyst —G. C. Carlos. 

13. Middle Dacite, from Camm’s Jam Factory site, east of the The Patch (SW of Mon¬ 
bulk) (Ringwood: 342.305). Analyst —G. C. Carlos. 

The belt of rocks interpreted as Middle Dacites in the vicinity of Camm’s Jam 
Factory, east of The Patch, are fragmental, and undoubtedly extrusive. Poor 
outcrops, mainly floaters, along the northern margin of this occurrence suggest 
that it is underlain by Lower Palaeozoic sediments, and that its base dips south- 
westwards at 40° to 45°. The shape and limited extent of this rock indicates that 
it represents a flow that has infilled a valley and subsequently been tilted. 

The major embayment in the eastern scarp of the Dandenong Ranges, at The 
Patch, appears to mark the occurrence of a considerable thickness of pyroclastics 
lying between the base of the Upper Dacite (hypersthene dacite) and this outcrop 
of IVJiddle Dacite at Camm’s Jam Factory. Exposures are poor, but the road 
cuttings, particularly on the road to the Jam Factory, expose occasional beds of 
severely weathered rocks striking N-S or W of N, and dipping at 40° to 50° W 
or SW. Some of these beds resemble mudstone, others contain igneous fragments 
with coarse plates of biotite, kaolinized felspar and quartz phenocrysts. Floaters 
of similar weathered rock occur in the cuttings of the road leading across to 
Monbulk from the Kallista-Emerald road at co-ordinate point Ringwood 427.272. 
Here the pyroclastics appear to underlie the chilled base of the Upper Dacite and 
to overlap on to the Middle Dacite flow, but the exposures are too poor to yield 
dips. 

A much better exposure of pyroclastics occurs further to the SE along the 
Kallista-Emerald road, where it junctions with the Tea-Tree Creek road (Ring- 
wood 443.250). A small cutting exposes tuff and agglomerate containing frag- 
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ments of rhyolite and toscanite up to 6 in. across, in an igneous-looking matrix. 
The pyroclastics can be traced SE along the Emerald road in the drainage gutters, 
and in a creek bed west of the road, for several hundred feet, nearly to the spring 
in which this creek rises. The beds dip at about 50° to 65° SW, under the hillwash 
from the overlying Upper Dacite, and appear to rest directly on the Palaeozoic 
sediments. 

On the geological map these pyroclastics, which have a maximum thickness 
of about 2000 ft., are shown as Middle Dacite. The Middle Dacite flow outcrops 
along the eastern edge of this area for about 1000 yards, and is up to 1000 ft. thick. 

Upper Dacite or Hypersthene Dacite 

The uppermost flow of the series, termed by Morris (1914) the Upper Dacite, 
appears to be a single extrusion, like the Middle Dacite. It is upwards of 1000 ft. 
thick and caps the whole of the Dandenong Ranges proper, having an outcrop area 
of about 35 sq. miles, equivalent to a volume of not less than seven cubic miles and 
could be as much as 5000 ft. thick (Fig. 7), which would give a volume of 35 cubic 
miles. It is a hypersthene dacite, identical in composition and stratigraphic position 
with the hypersthene dacite of the Black Spur-Warburton district (Edwards, 
1932a, 1932b), and closely similar to the hypersthene dacite of Macedon (Skeats 
and Summers, 1912). 

Its junction with the underlying Middle Dacite is well defined along the western 
scarp of the ranges, in places by a zone of severely weathered rock, and everywhere 
by its well marked chilled base. 

The basal rock is dark black to blue-black, consisting of phenocrysts about 0 5 
mm. across of zoned plagioclase, with labradorite cores, and hypersthene in a dense 
glassy base. Ascending through the extrusion, the glassy base becomes increasingly 
crystalline and the proportion of phenocrysts increases. The rock becomes corres¬ 
pondingly lighter in colour and coarser grained. The change is accompanied by 
the development of biotite in flakes up to 1 or 1-5 mm. across, in increasing 
amounts, at the expense of hypersthene, which has reacted with the orthoclase in 
the groundmass, the reaction progressing more effectively with slow cooling until 
in the higher parts of the flow the rock is a light blue-grey coloured hypersthene- 
biotite dacite. Occasional quartz phenocrysts are present, and rare augite pheno¬ 
crysts. The dark colour of the chilled base persists for about 200 ft. above the base. 
Compared with the other rocks of the complex, it is relatively free from rock 
fragments, though in fact it contains quite a proportion of hornfels fragments, 
particularly in its basal parts. 

The change in appearance is accompanied by a distinct change in chemical 
composition. As may be seen from Table 4, the dark rock of the chilled base is 
67 to 69 per cent SiC> 2 , whereas the lighter coloured rock high in the extrusion 
is only about 63 per cent SiC> 2 , and is correspondingly richer in FeO, MgO and 
CaO, and also in TiCV Moreover, as may be seen from Fig. 4, this rock, for a 
given SiC >2 content, is the most iron-rich of the complex. 

Richards (1909) separated the hypersthene, biotite and ilmenite of the rock and 
analysed them, and the hypersthene dacite from which they were derived (Table 5). 
If the compositions of the hypersthene, biotite, ilmenite and plagioclase phenocrysts 
are subtracted from the analysis of the rock, according to their modal proportions, 
using the data provided by Richards (Tables 5, 6 and 7), the residue, recalculated 
to 100 per cent, indicates that the groundmass of the rock has a composition about 
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14 

15 

16 

17 

18 

19 

20 

Si0 2 

69-26 

66-91 

63-27 

63-45 

64-50 

62-73 

72-7 

AlgO s 

16-34 

15-17 

16-50 

14-99 

14-94 

17-41 

12-8 

Fe 2 0 3 

1 -14 

1-96 

0-68 

1-21 

1 -15 

0-45 

0-2 

Fe 2 0 

3-33 

3-59 

5-10 

5-18 

5-09 

5-17 

2-6 

MgO 

1-08 

1-84 

2-48 

2-81 

2-78 

2-94 

1-4 

CaO 

2-07 

3-11 

4-18 

4-40 

4-01 

4-25 

3-0 

Na 2 0 

3-30 

2-58 

2-36 

3-18 

3-29 

2-03 

1-8 

k 2 o 

2-00 

3-39 

2-68 

2-88 

2-46 

3-39 

3-7 

h 2 o+ .. 

0-26 

0-33 

0-52 

0-41 

0-24 

0-66\ 


h 2 o- 

0-01 

0-08 

0-09 

0-08 

0-29 

0-16/ 


co 2 

nil 

nil 

nil 

nil 

nil 

nil 

— 

Tid 2 

0-81 

0-74 

1-30 

112 

0-99 

0-93 

1-2 

P*O s 

0-29 

0-28 

0-15 

0-15 

0-26 

0-23 

— 

MnO 

0-08 

0-05 

0-03 

0-02 

0-03 

tr. 

0-1 

Cl 

nil 

nil 

nil 

nil 

nil 

tr. 

0-1 

so 3 

nil 

0-02 

nil 

nil 

0-01 

nil 

— 

FeS 2 

nil 

— 

0-16 

— 

— 

0-30 

— 

Totals .. 

99-97 

100-05 

99-50 

99-88 

100-04 

100-56 

100-00 


Explanation 

14. Chilled base of the hypersthene dacite, a few feet above the contact, road cutting, 
main Montrose-Kalorama road, northern scarp of Mount Dandenong North (Ring- 
wood: 400.374). Analyst —G. C. Carlos. 

15. Chilled base of the hypersthene dacite, about 20 ft. above the contact, road cutting on 
Mountain Highway (“1 in 20” Road), from The Basin to Sassafras (Ringwood: 
343.304). Analyst —G. C. Carlos. 

16. Hypersthene dacite, near Upwey Railway Station. Analyst— H. C. Richards (Proc. 
Roy. Soc. Vic., 21 (1910) ; 533). 

17. Biotite-hypersthene dacite, close to Sassafras-Ferny Creek road, one mile south of 
Sassafras township (Ringwood: 468.294). Analyst —A. B. Edwards. 

18. Biotite-hypersthene dacite, near War Memorial, Ferny Creek-Sherbrook Forest roads 
junction (Ringwood 469.293). Analyst —G. C. Carlos. 

19. Hypersthene dacite, road cutting on main Montrose-Kalorama road, allot. 925A, parish 
of Mooroolbark, 15 chains north of Kalorama. Analyst —F. F. Field. 

20. Calculated composition of the groundmass of the hypersthene dacite at Upwey 
(Analysis No. 16), computed from data given by Richards (Proc. Roy. Soc. Vic., 
21 (1910), 533, and quoted in Tables 5, 6, and 7). 

equivalent to that of a rhyolite (Table 4, Analysis 20). Since the phenocrysts in the 
more acid chilled base are similar to those in the upper more basic portion of the 
flow, but less numerous, it is evident that the change in composition from bottom 
to top is related chiefly to the proportion of phenocrysts present at any one level 
in the flow. Since the upper parts of the flow represent the deeper levels of the 
magma in the magma chamber, this may be taken as evidence that the plagioclase 
and hypersthene phenocrysts were sinking in the magma at the time of extrusion, 
and that a more prolonged sinking of such phenocrysts could have given rise to 
rhyolitic lava. It suggests that a body of magma of the composition of the hypers¬ 
thene dacite, and of the order of 5000 to 10,000 ft. thick, could differentiate to form 
a considerable volume of rhyolite and related rock types. 
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Table 5 

Composition of Minerals in the Upper Dacitc at Upzvcy 
(from Richards, 1909) 



21 

22 

23 

24 

SiO, 

63-27 

39-86 

50-42 

_ 

Al*O s 

16-50 

1113 

4-06 

— 

Fe 2 O s 

0-68 

1-39 

2-10 

nil 

FeO 

5-10 

18-10 

23-54 

31-92 

MgO 

2-48 

9-88 

13-04 

0-80 

CaO 

4-18 

tr. 

1-30 

— 

Na t O 

2-36 

0-35 

tr. 

— 

k 2 o 

2-68 

6-73 

0-69 

— 

h 2 o+ .. 

0-52 

3-20 

0-06 

— 

h 2 o- 

0-09 

0-43 

0-10 

— 

co 2 

nil 

nil 

nil 

— 

Ti0 2 

1-30 

7-95 

3-51 

67-28 

p*o s 

0-15 

tr. 

0-92 

— 

s .. 

016 

— 

— 

— 

MnO 

0-03 

0-58 

0-24 

tr. 

Li a O 

tr. 

tr. 

— 

— 

Totals . . 

99-50 

99-60 

99-98 

100-00 

Sp. Gr. .. 

2-76 

3-16 

3-36 

4-86 


Explanation 

21. Hypersthene-biotite dacite. 

22. Biotite. 

23. Hypersthene. 

24. Ilmenite. 

Analyst —H. C. Richards. 


Table 6 

Modal Analysis of Upper Dacite from Upivcy 
(from Richards, 1909) 



% vol. 

% wt. 

Phenocrysts 



Plagioclase (Ab 1 An 1 ) .. 

25-50 

24-13 

Hypersthene 

10-27 

12-17 

Biotite 

9-83 

10-96 

Ilmenite 

0-62 

1-08 

Quartz 

Groundmass 

1-31 

1-22 

Felspar 

24-31 

22-95 

Quartz 

21-74 

20-34 

Biotite .. 

6-42 

7-15 


On the eastern side of the ranges the Upper Dacite overlies Palaeozoic sediments 
and pyroclastics related to the Middle Dacites, and is intruded by a body of quartz 
porphyrite and by granodiorite; along its southern margin it overlies intrusive 
granodiorite. Where it has been intruded, it is locally rendered schistose, the 
hypersthene being altered to biotite which has oriented itself normal to the intrusive 
contact. 
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Table 7 

Composition of Groundmass of Upper Dacite 
(from data given by Richards, 1909) 



Quartz 

Felspar 

Biotite 



Or. 

Ab. 

An. 

SiO, 

20-34 

5-28 

5-00 

3-23 

2-90 

36-75 

72-7 

ai 2 o 3 

— 

1-51 

1 -42 

2-75 

0-79 

6-47 

12-8 


— 

— 

— 

— 

0-10 

0-10 

0-2 

FeO 

— 

— 

— 

— 

1-32 

1-32 

2-6 

MgO 

— 

— 

— 

\ — 

0-72 

0-72 

1 -4 

CaO 

— 

— 

— 

1-52 

— 

1 - 52 

3 0 

Na 2 0 

— 

— 

0-86 

— 

0 02 

0-88 

1-8 

k 2 o 

— 

1 - 38 

— 

— 

0-49 

1-87 

3-7 

h 2 o 

— ■ 

— 

— 

— 

0-26 

0-26 

0 • 5 

Ti0 2 

— 

— 

— 

— 

0-60 

0-60 

l • 2 

MnO 

— 

— 

— 

— 

0-04 

0-04 

0-1 







50-53 

100-0 . 


Granodiorites 

Two areas of granodiorite occur within the complex. For convenience of 
reference they are named the Lysterfield Granodiorite and the Silvan Granodiorite. 

Lysterfield Granodiorite. The Lysterfield Granodiorite is a small batholith. It 
outcrops south of the line of Monbulk Creek and Menzies Creek, over an oval 
area about fourteen miles long (E-W) by seven miles wide (N-S). On the north, 
it is bounded by Upper Dacite for a distance of about seven miles, and on the east, 
west and south it is bounded by Lower Devonian (and Silurian) sediments, and by 
alluvium (Fig. 2). 

The contact metamorphic effects of the granodiorite are prominent. The Upper 
Dacite has been rendered schistose along the whole length of the mutual contact 
(Skeats, 1910), the hypersthene being converted to biotite by reaction with the 
groundmass of the dacite, which has been recrystallized. Locally a strongly foliated 
biotite gneiss has resulted. 

The effect on the invaded sediments varies somewhat, from conversion to dense 
purplish-black hornfels to little apparent alteration. A major development of 
hornfels is responsible for the Lysterfield Hills, the prominent narrow ridge of 
hills, 700 to 790 ft. high, forming the NW margin of the granodiorite outcrop. This 
hornfels zone extends for about two miles along the contact, and is from a quarter 
to a half mile wide; it has been quarried extensively for road metal. The hornfels 
shows no apparent extension SW of these hills, where the contact is masked by the 
alluvium of Dandenong Creek, but hornfels marks the contact near the Lysterfield- 
Ferntree Gully road, about 1 mile to the NE. The contact is then masked for a mile 
and a half by the alluvium of Monbulk Creek. When next seen the dacite has taken 
the place of the sediments. 

A second major development of hornfels occurs on the north-eastern margin of 
the granodiorite area, forming a ridge, 1000 to 1100 ft. high, that trends south¬ 
easterly from the narrow gauge railway line for a distance of about three miles 






















130 


A. B. EDWARDS: 


along contact. This zone is about a quarter of a mile wide. The northward extension 
of the granodiorite under cover is indicated by the occurrence of hornfels east of 
Menzies Creek at a point 465.252. 

Along the southern margin the contact is commonly masked by alluvium, but 
some hornfels is found about midway between Narre Warren and Harkaway. The 
absence of hornfels from considerable stretches of the western and southern margins 
may be more apparent than real, since hornfelsed sediments on weathering resume 
their normal sedimentary appearance and relative softness (Edwards and Baker, 
1945). 

The petrological features of the Lysterfield Granodiorite have been described 
briefly by Skeats (1910) and by Baker (1942) . In places, as at Mount Morton, it 
is essentially a biotite granodiorite, but over much of its extent it contains a little 
hornblende. In places, however, the hornblende becomes a significant component, 
as at Caversham Hill, about two miles east of Upper Beaconsfield, where a micro¬ 
metric analysis shows the following proportions: 



% 

Quartz 

23 6 

Orthoclase 

17 4 

Plagioclase 

39-0 

Biotite 

15 4 

Hornblende 

4 6 


The plagioclase, as noted by Skeats. generally exceeds the orthoclase in the 
ratio of about 2:1, and occurs as strongly zoned and idiomorphic crystals, 1 to 2 
mm. across. It ranges in composition from labradorite in the core zones to oligoclase 
at the margins, and in general appearance resembles the plagioclase phenocrysts in 
the earlier hypersthene dacites, and in the later porphyrite dykes. The orthoclase 
and quartz are in about equal proportions, the orthoclase tending to show perthitic 
intergrowths of albite. The accessory minerals, as noted by Baker (1942), comprise 
actinolite, apatite, chlorite, epidote, ilmenite, orthite, sphene, tourmaline and zircon. 

There seems to be a slight sympathetic variation in plagioclase and hornblende 
content, and these variations in composition are reflected in the three chemical 
analyses available, from the northern, western and south-eastern sections of the 
outcrop (Table 8, Analyses 27, 28, 29). The rock richest in hornblende has the 
highest FeO, MgO, CaO and TiC >2 content, and the lowest SiOo content of the 
three. Baker (1942) records variations in index numbers (proportion of heavy 
minerals, essentially biotite and hornblende) from different parts of the outcrop as 
follows: Narre Warren 13 5, Selby 15 5, Monbulk Creek 17 3, and Upper Beacons¬ 
field (Caversham Hill) 19-5. 

The granodiorite is much contaminated with xenoliths of sedimentary origin, in 
varying stages of assimilation or granitization, but has been completely deroofed, 
except perhaps at its northern margin. In the north-east, at Emerald, it rises to 
1000 ft. (R.L.) and a ridge, whose highest parts are at 1000 ft. to 1050 ft. above 
sea-level, runs for about three miles south-east from Emerald to the head of 
Bourke’s Creek. The high country extends along the northern contact, where the 
granodiorite surface is at about 800 ft., but southwards there is a gentle falling off 
in the heights of ridges and other high points, chiefly towards the south-west. Some 
heights of 800 ft. are attained along the eastern boundary. 

The southern margin of the granodiorite area is marked by a rapid descent to 
the relatively low-lying Siluro-Devonian sediments and the Tertiary sediments and 
alluvium, indicating that the granodiorite mass has relatively steep sides, and had 
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Table 8 


Analyses of Granodiorites 



25 

26 

27 

28 

29 

Si0 2 


70-12 

69-14 

67-27 

65-12 

63.61 

ALO, 


14-66 

13-94 

14-96 

15-52 

15-09 



1 53 

2-24 

1-10 

0-74 

0.93 

FeO 


1-96 

2-71 

3-13 

4-21 

4-56 

MeO 


0-99 

1 -17 

2-22 

2-45 

2-82 

CaO 


2-34 

2-97 

3-63 

3-86 

4-52 

Na 2 0 


2-25 

3-60 

2-92 

3-76 

4-06 

k 2 o 


3-60 

2-91 

3-22 

2-60 

2-66 

h 2 o+ 


1-22 

0-67 

0-78 

0-81 

1 -01 

h 2 o— 


0-37 

0-15 

0-10 

0-06 

0-13 

co 2 .. 


nil 

tr. 

nil 

0-02 

nil 

Ti0 2 .. 


0-52 

0-36 

0-59 

0-69 

0-90 

p,o K 


0-22 

0-12 

tr. 

0-11 

0-18 

MnO 


nil 

0-01 

tr. 

0-06 

tr. 

Cl .. 


tr. 

tr. 

tr. 

tr. 

tr 

so 3 .. 


tr. 

tr. 

tr. 

tr. 

nil 

FeS 2 .. 


0-10 

— 

— 

— 

— 

BaO 

' 


• - 

nil 

— 

— 

Totals 


99-88 

99-99 

99-92 

100-01 

100-47 


Explanation 

25. Biotite-granodiorite, or adamellite, allot. 920, parish of Mooroolbark, flank of Mount 
Dandenong. Analyst —F. F. Field. 

26. Biotite-granodiorite, spur north-east of Kalorama, close to contact with hypersthene 
dacite, allot. 920, parish of Mooroolbark (Ringwood: 413.367). Analyst — G. C. Carlos. 

27. Biotite-hornblende-granodiorite, one mile south of Belgrave township. Analyst —M. 
Evans. 

28. Biotite-hornblende-granodiorite, east of Lysterfield Hills, parish of Narre Warren, 
east of Police Paddock (Ringwood: 290.198). Analyst —G. C. Carlos. 

29. Hornblende - biotite - granodiorite, from Mr. Hume’s property, Cavendish Heights, 
Tumuc Valley, four miles north of Packenham township, four miles north. Analyst —• 
F. F. Field. 

a flatfish surface, with probably small cupola-like protuberances, like Sugarloaf Hill, 
which rises abruptly for 150 ft. above the level of the ridge on which it occurs. 

Silvan Granodiorite. The more northerly Silvan granodiorite, by contrast, 
scarcely outcrops. It underlies about a square mile of country extending from the 
northern end of the Silvan Dam westwards to the main saddle east of the Mountain 
Highway, north-east of Kalorama. This area is approximately that bounded by 
co-ordinate points 410.350 - 410.373 -425.373 - 430.350, Ringwood Sheet (1935), 
Military Survey of Australia. 

The cupola form of the granodiorite mass is demonstrated by the occurrence of 
hornfels and unaltered Siluro-Devonian (Lower Devonian) sediments in the bed 
of Olinda Creek (700 ft. R.L.) and at the summit of the hill to the west (1200 ft. 
R.L.), together with several small outcrops of granodiorite at the creek level, and 
on the flanks and near the summit of the hill. The largest of these outcrops is at 
415.368 on the north-eastern slope. 

The granodiorite was intruded subsequent to the formation of the Evelyn 
Fault, because the Upper Dacite along this fault has been metamorphosed by the 
granodiorite, in the immediate vicinity of their contact (412.367). Close to the 
granodiorite the Upper Dacite shows a weak schistosity, and a lightening in colour, 
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combined with an increased amount of visible biotite. Thin sections show that the 
hypersthene has developed strong reaction rims of fine flakes of biotite against the 
groundmass, or has been made over more or less completely to decussate aggregates 
of biotite flakes. The groundmass has begun to recrystallize, so that under crossed 
nicols it has a “spotty” texture; the recrystallization has proceeded sufficiently to 
produce equigranular grains of orthoclase about 0.10 mm. across, studded through 
the original microcrystalline grains of quartz. 

The base of this only partially unroofed cupola broadens just below creek level, 
in view of the considerable extent of hornfels exposed in the bed of Olinda Creek, 
and in test pits in the vicinity. 

The granodiorite, where it outcrops, contains numerous xenoliths, and varies 
somewhat in appearance and composition. Morris (1914, p. 350) refers to the 
outcrops as dykes of granodiorite porphyry, consisting of numerous phenocrysts of 
plagioclase, with fewer phenocrysts of quartz and orthoclase, and clusters of biotite 
flakes in a groundmass that is essentially quartz and orthoclase. An analysis of one 
such rock from the north-east flank of the cupola (415.368) (Table 8, Analysis 25) 
shows the rock to be distinctly more acid than the Lysterfield granodiorite; in fact 
it is better described as granite or adamellite porphyry. 

Exposures near the summit, and on the eastern and south-eastern flanks of the 
hill, consist however of a uniformly grained rock, with the individual crystals about 
2 mm. across, of normal granitic appearance. Thin sections reveal them to be biotite 
granodiorite or adamellite, with zoned plagioclase crystals, like the southern grano¬ 
diorite. A chemical analysis of a specimen taken from close to the hypersthene 
dacite contact (412.367) (Table 8, Analysis 26) is distinctly richer in Si0 2 than 
the Lysterfield granodiorite, and contains less MgO and CaO, but is not as potassic 
as the analysed specimen from the north-eastern flank (415.368). 

Granodiorite porphyrite dykes. Morris (1914) mapped a large dyke of grano¬ 
diorite porphyrite (the Wandin Dyke), which is 40 to 50 ft. wide and has intruded 
the Upper Toscanite to the north-west of Wandin, where it outcrops at intervals 
over a distance of about one and a half miles. It has a granitic appearance, and 
consists of large idiomorphic phenocrysts of zoned plagioclase and plates of biotite, 
together with smaller irregular grains of orthoclase. in a micrographic groundmass 
of quartz and orthoclase. It appears to be closely related to the Silvan granodiorite. 
particularly to its porphyritic phases. 

Several isolated dykes of granodiorite porphyrite have been found by Gill (1942 ) 
invading the Palaeozoic sediments about two miles east of the toscanites and of the 
Wandin Dyke, in the vicinity of Wandin and Seville. 

It is inferred from the occurrence of these dykes that the Silvan granodiorite 
has a considerable extension north and north-east of its outcrops, at relatively 
shallow depths. 

Porphyrite Intrusions 

Midway along the western fence of the Silvan Dam reservoir, in the central 
E-W section of the fence (Ringw^ood: 420.325), is an outcrop of quartz porphyrite, 
about 500 yards across. In the hand specimen the rock bears a resemblance to the 
Middle Dacites, but thin sections show phenocrysts of quartz, plagioclase and ragged 
biotite in a coarsely microcrystalline groundmass of quartz and blocky orthoclase. 
There is a little fine-grained biotite in the groundmass, but it is not the “shimmering” 
biotite of the Middle Dacite, and the texture of the groundmass points to a more 
slowly cooled rock. 
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On its western side, where the quartz porphyrite is in contact with the chilled 
base of the Upper Dacite, the Upper Dacite has been rendered somewhat schistose 
for 10 to 20 ft. from the contact, and its hypersthene phenocrysts have been converted 
to clusters of biotite flakes, by reaction with orthoclase in its groundmass, as at its 
contacts with the granodiorites. It is evident, therefore, that the porphyrite is an 
intrusive plug, younger than the Upper Dacite. 

A similar quartz porphyrite has been recorded by Summers (1929) near the 
Silvan Dam site, where testing pits exposed an intrusive contact between the 
porphyrite and the Palaeozoic sediments. 

A further small intrusion of porphyrite occurs in the Middle Dacite, just below 
its junction with the Upper Dacite on the spur immediately west of the Evelyn 
Fault (i.e. immediately west of the eastern edge of the dacites) at a point given 
by co-ordinates Ringwood: 405.382. The exposure is mainly in the form of floaters, 
with a few massive blocks apparently in situ. The rock in the centre of the occur¬ 
rence, which is about 100 yards wide by several hundred yards long (E-W), is 
dense black and studded with white to greenish-white felspar prisms, up to 3 mm. 
long, and a few smaller quartz phenocrysts, and bears a close resemblance to the 
porphyrite intrusions invading the hypersthene dacite in the Warburton area (Ed¬ 
wards, 1932b). Thin sections reveal the felspar phenocrysts as zoned plagioclase, 
with labradorite cores, and the quartz phenocrysts as rounded and embayed. The 
groundmass has the same blocky texture as that in the intrusive porphyrite along 
the Silvan Dam fence line. Specimens from the poorly defined margin of the 
porphyrite suggest that it has chilled margins above and below. 

A chemical analysis of this rock is given in Table 9, Analysis 32. It is not 
significantly different in composition from the dyke rocks intruding the Harkaway 
granodiorite near Lysterfield, being intermediate between the most acid and the 
least acid of the dykes, and it fits to variation curves drawn for these analyses 
(Figs. 3 and 5). 

There is little evidence as to the age of these porphyrites relative to the grano¬ 
diorites. Morris’s collection of thin sections include three labelled as from the south 
(sic) side of Lyre Bird Gully, two of them more specifically “in the angle between 
Lyre Bird Gully and Olinda Creek’’. These are presumably from the occurrence 
reported by Summers (1929), but not located by me, so that I presume it has been 
buried by the earth works of the Dam. One section is of a porphyrite identical with 
the porphyrite on the fence line; the other two are of a similar rock, richer in biotite. 
in which the biotite flakes lie parallel to each other giving the rock a coarse 
foliation. They are described in Morris’s handwriting as “gneissic upper toscanite’’, 
and could have been metamorphosed by the granodiorite along with the adjacent 
sediments. 

Lysterfield Dyke Swann 

The granodiorite porphyrite dykes described by Morris (1914, p. 350) from 
the area underlain by the Silvan granodiorite have a similar groundmass of blocky 
orthoclase—“often in square or rhombic sections, with diagonal extinction’’. 

Close to its north-west margin, at Lysterfield, and near the Lysterfield Hills, 
the Lysterfield granodiorite has been invaded by a small swarm of dykes. These 
dykes were first noted by Sutherland (1903). Upwards of sixty dykes have been 
mapped, with a total thickness of about 300 ft. Most of them are only 2 to 3 ft. 
wide, and cannot be traced for more than 100 yards along their strike, but an 
occasional dyke is up to 20 ft. wide, and as much as a mile long. At one point 
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Table 9 

Analyses of Dyke Rocks 



30 

31 

32 

33 

SiO* 



69-49 

68-80 

67-66 

65-84 

ai 4 o 3 



14-72 

14-32 

15-36 

15-26 

Fe 2 O s 



1-34 

1 -19 

0-74 

1-77 

FeO 



2-71 

2-57 

3-84 

3-26 

MgO 



1-02 

111 

1-52 

2-12 

CaO 



3-33 

3-98 

3-24 

4-17 

Na 2 0 



2-98 

2-51 

3-02 

2-34 

k 2 o 



2-44 

3-80 

2-24 

3-67 

h 2 o+ 



0-77 

0-75 

1-42 

0-75 

h 2 o- 



0-14 

0-07 

0-04 

0-11 

co 2 



0-06 

nil 

tr. 

nil 

TiO a 



0-65 

0-57 

0-62 

0-48 

p 2 o 5 



0-27 

0-26 

0-24 

0-27 

MnO 



0-07 

0-07 

0-06 

0-09 

Cl 



0-01 

tr. 

0-01 

tr. 

S0 3 



0-01 

tr. 

0-01 

tr. 

Totals 

100-01 

100-00 

100 02 

100-13 


Explanation 

30. Light hornblende porphyrite dyke (No. 48), allot. 59, parish of Narre Warren (Ring- 
wood: 300.206). 

31. Dense dark porphyrite dyke (No. 46), north-east corner allot. 60, parish of Narre 
Warran (Ringwood: 307.202). 

32. Felspar-porphyrite plug or dyke, intruded into Middle Dacite, north-east flank of 
Mount Dandenong, west of Evelyn Fault (Ringwood: 405.383). 

33. Felspar-hornblende porphyrite dyke (No. 27), intersection of allots. 70, 70A and 
Monbulk P.R., parish of Narre Warren (Ringwood: 346.223). 

Analyst —G. C. Carlos. 

(Ringwood: 306.210) a plug about 20 ft. in diameter was found. Similar dykes 
occur, rather more sparsely, along the northern margin of the granodiorite from 
Lysterfield almost to Aura (Skeats, 1910). A few related dykes have been found 
in the Upper Dacite north of the granodiorite contact in the railway and road 
cuttings, and an occasional dyke cuts the metamorphosed sediments near Lysterfield. 

The general strike of the dykes in the granodiorite is N-S, with occasional 
variations to east or west of north, and they have nearly vertical dips. No dykes 
have been observed in the eastern and southern parts of the granodiorite mass, 
possibly because outcrops are not favourable. In the north-western section there 
seems to be an association of dykes with the development of tors, and the majority 
* of the dykes follow a major joint direction in the granodiorite, so that presumably 
the dykes were intruded after the granodiorite had cooled sufficiently to have 
developed contraction cracks at its margins. 

Felspar-hornblende porphyrites. Felspar-hornblende porphyrite dykes predom¬ 
inate, in which white felspar crystals up to 5 mm. across are set in a dark fine-grained 
groundmass in which blades of hornblende up to 1 or 2 mm. long may be visible. 
The felspar phenocrysts consist of strongly zoned crystals of plagioclase, with cores 
of labradorite and outer shells of acid andesine to oligoclase, recalling the phenocrysts 
of the Upper Dacite. They tend to be rounded and corroded. They are mostly 
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pellucid, with a tendency for occasional zones to be extensively altered to sericite. 
Occasional phenocrysts appear to be extensively altered to sericite throughout, but 
these are probably sections cut parallel to a sericitized zone. 

Associated with the plagioclase phenocrysts are prisms and blades of yellow- 
green hornblende, up to 2 mm. X 1 mm., but mostly smaller, and with random 
orientation, grading down to fine needles in the groundmass. The groundmass is 
fine-grained and consists essentially of zoned prismatic to bladed crystals of plagio¬ 
clase, with lesser amounts of orthoclase and quartz, and fine needles and irregular 
patches of hornblende. 



* MIDDLE DACITE . DYKE 

o LOWER DACITE ■ GRANODIORITE 

* TOSCANITE ° UPPER DACITE 


Fig. 5. —A. Varition of CaO in relation to (Total Iron, as FeO, + MgO). 
B. Variation of MgO in relation to Total Iron (as FeO). 


A chemical analysis of a dyke of this character, striking west of north, and about 
1700 yards east of Lysterfield road junction (Ringwood: 346.222) is shown in 
Table 9, Analysis 34. It is the most basic of the three dykes that have been analysed 
and bears a close resemblance to the analysis of the felspar hornblende porphyrite 
dyke cutting through the hypersthene dacite of Ben Cairn, in the Warburton district 
(Edwards, 1932b). It is distinctly more basic than the porphyrite intrusion in the 
Middle Dacite north of Kalorama (Table 3, Analysis 13), and is generally similar 
to the enclosing granodiorite, except that the proportions of the alkalis are reversed, 
the dyke having the higher potash content. 

Porphyrites. A proportion of the dykes is lighter in colour, and less conspicu¬ 
ously porphyritic. They consist of needles of hornblende up to 2 mm. long and white 
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felspar phenocrysts about 1 mm. across, in a light grey groundmass. Thin sections 
reveal that they consist of few and smaller, but more corroded, phenocrysts of zoned 
plagioclase set in a more quartz-rich groundmass with abundant granophyric inter¬ 
growths of quartz and orthoclase, together with some blocky crystals of zoned 
plagioclase and scraps of biotite and hornblende. The hornblende phenocrysts are 
light brown and fringed with minute flakes of biotite. The plagioclase phenocrysts 
are commonly sericitized. These dykes correspond to the hornblende porphyrites 
recorded by Skeats (1910) at Aura. Analyses of two of these dykes (Table 9, 
Analyses 30 and 31) show them to be generally similar to the more acid phases of 
the granodiorites, but of variable alkali content. Analysis 31 is of dyke 46, which 
is denser, darker and less conspicuously porphyritic than the more typical dyke 48, 
the composition of which is given in Analysis 30. 

Aplites. A small proportion of the dykes seems best termed aplites, though 
they still included small corroded phenocrysts of zoned plagioclase. They are pre¬ 
dominantly intergrown orthoclase and quartz, some of it granophyric, with patches 
of fine-grained white mica, and occasional patches of bright green chlorite. 

All gradations are present between these three types of dyke rock, from the 
acid aplitic dykes to the more basic felspar-hornblende porphyrite. 

The significance of these dykes is uncertain, but presumably they represent a 
deeper lying phase of the granodiorite magma, still fluid and only partly crystallized 
when the upper part of the granodiorite magma had consolidated. Their zoned 
plagioclase phenocrysts relate them to both the extrusive rocks and the granodiorites. 

Chemical Variations 

If the chemical analyses of these closely related extrusive and intrusive rocks 
are plotted in variation diagrams, the diagrams reveal the following: 

(i) A series of parallel serial relationships between the analysed specimens of 
the Lower, Middle and Upper Dacite groups and the granodiorites. For the 
extrusive rocks the order of the rocks in each series corresponds to their 
sequence of extrusion. 

(ii) That the rocks in the toscanite group are of abnormal composition relative 
to the other igneous rocks, a fact noted by Morris (1914). 

Silica-Alumina Diagrams 

In Fig. 3A, CaO content is plotted against combined (Si0 2 + A1 2 0 3 ),* after 
subtracting such CaO as is necessary to satisfy any C0 2 reported in the analysis. 

With few exceptions, the points obtained for the dacite groups and the grano¬ 
diorite fall close to a smooth curve. The CaO in these rocks occurs almost wholly 
in felspar, and does not enter significantly into the ferromagnesian minerals (except 
in the hornblende-bearing granodiorites and dyke rocks), so that the curve points 
to a progressive decrease in the proportions of plagioclase felspars with increasing 
acidity in all these rocks. 

*In rock analyses a common error, not apparent from the totals, is a high Al*Ok deter¬ 
mination with a correspondingly low SiO s determination, arising from the escape of colloidal 
silica into the RaOa precipitate. The relations shown between the other oxide components of 
the analyses, and by the general trends of the curves obtained when these oxides are plotted 
against SiOa alone, indicate that this error has occurred to varying degree in several of the 
analyses available. It can be overcome to some extent by plotting oxides against combined 
(SiOa -)- AlaOa). 
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If separate curves are drawn for each group of closely related rocks, they give 
for the Lower Dacites, the Upper Dacites and the granodiorites three closely spaced, 
nearly parallel curves, arranged slightly en echelon, with slightly, and progressively, 
higher CaO contents for the most acid member of each successively later group— 
i.e., a slightly higher CaO content for rocks of equal (Si0 2 + A1 2 0 3 ) content in each 
of the successively later groups. 

One Lower Dacite analysis (8) falls badly off the curve if corrected fully for 
its CO 2 content, but would fall close to it if not corrected. The CO a content of this 
analysis is abnormally high for the dacites (15 per cent). The comparable curves 
for FeO and MgO do not show this abnormality, so that it seems likely that the 
C0 2 content of Analysis 8 has been over-estimated by about 0 7 to 10 per cent, or 
else the C0 2 was introduced after the rock crystallized, and reacted with existing 
felspars, robbing them of part of their CaO. One Middle Dacite analysis (Analysis 
11 ) also falls off the curve for the same reason. If uncorrected for C0 2 it lies close 
to the curve. 

The toscanite analyses, when allowance is made for their CaC0 3 contents, show 
abnormally low CaO contents, and require that the curve should branch. If no 
correction is made for C0 2 , four of the six points fall close to the normal curve for 
the dacites and granodiorites. 

In Fig. 3B, MgO is plotted against (Si0 2 + A1 2 0 3 ). The overall trend for the 
dacites and granodiorites is a decline in MgO content with increasing acidity. As 
with CaO, if curves are drawn for the individual groups of rocks a series of more 
or less parallel curves results, in which there is a slight increase in MgO content 
for rocks of the same (Si0 2 + Al 2 03 ) content for each successively younger group. 

The toscanites, however, appear as a distinct group with abnormally low MgO 
contents. 

In Fig. 3C, total iron, calculated as FeO, is plotted against (Si0 2 + A1 2 0 3 ). 
The points obtained are more widely distributed than in Figs. 3A and 3B, but if 
separate curves are drawn for the Lower Dacites, Upper Dacites and granodiorites, 
a serial arrangement is apparent. One granodiorite analysis (26) and one Middle 
Dacite analysis (13) appear unduly rich in iron—or possiblv in (SiO> + ALO 3 ). 
The other Middle Dacite analyses, and the analyses of the dykes, conform to the 
pattern of the curves. 

The curves again show a more or less en echelon arrangement, but their order 
is different. The Upper Dacites are revealed as richer in total iron than rocks of 
equivalent (Si0 2 + A1 2 0 3 ) content in the other groups. The granodiorites are 
intermediate between the Lower Dacites and the Upper Dacites for the more acid 
members, and for the more basic members the granodiorites are the least iron-rich. 
The Lower Dacite curve steepens for its more basic members, which are as iron-rich 
as the equivalent Upper Dacites. The Middle Dacites fall on this section of the 
Lower Dacite curve. 

There is here a suggestion that the Upper Dacites and the Middle Dacites derived 
from an iron-enrichfid layer in the original magma reservoir, with iron-poorer 
magma above (Lower Dacites) and below (granodiorites). It may be noted that 
the Upper Dacites are also somewhat richer in Ti0 2 than the rocks of the other 
groups. , 

The toscanites again appear abnormal. They are slightly more iron-rich than 
rocks of equivalent (Si0 2 Hr A1 2 0 3 ) content in the Lower Dacite group, and they 
show a tendency to become slightly more iron-rich with increasing acidity, the 
reverse of the trend shown by other groups. 
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The enrichment of the Upper Dacites in iron, relative to the granodiorites, is 
confirmed if total iron as FeO, CaO and MgO are each plotted against Si0 2 , 
separately for the Upper Dacites and the granodiorites; and if CaO is plotted against 
A1 2 0 3 for such dacites and granodiorites, throughout Victoria, the dacites show a 
tendency to be richer in both CaO and A1 2 0 3 than the granodiorites (Fig. 4), 
suggesting an accumulation of plagioclase phenocrysts in the dacites, presumably 
by sinking of crystals into the deeper, more basic layers of the dacite magma. 

Oxide Diagrams 

In Fig. 5A, CaO is plotted against combined (Total Iron* as FeO, + MgO), 
which is equivalent to plotting plagioclase felspar against ferromagnesian minerals. 
The Middle Dacites and the dyke rocks show an irregular scatter, but the Lower 
Dacite, Upper Dacite and granodiorite plots fall on three sub-parallel, nearly straight, 
curves. As in Fig. 3A, one Lower Dacite analysis (8) is distinctly off-line on the 
CaO-poor side of the curve if corrected for C0 2 content, and is less off-line on the 
CaO-rich side if not corrected. 

The Upper Dacites are revealed as richer in (FeO 4- MgO) relative to CaO 
than the other groups, pointing to enrichment of them in iron. 

The toscanites appear to be abnormally rich in (FeO + MgO) relative to CaO. 

In Fig. 5B, MgO is plotted against total iron (as FeO). Four sub-parallel 
curves are obtained for the Lower Dacites, Upper Dacites, granodiorites and dyke 
rocks. One granodiorite analysis (2) falls in the Upper Dacite curve, being abnorm¬ 
ally low in MgO, as is one Middle Dacite analysis (13). The other two Middle 
Dacite analyses fall on the Lower Dacite curve. One Upper Dacite analysis (19) 
is relatively low in total iron (actually in Fe 2 0 3 ) and falls on the granodiorite curve. 

Fig. 5B shows that the ferromagnesians in the Upper Dacites are generally richer 
in iron relative to magnesium than those in the granodiorites. In the more acid 
Lower Dacites the ferromagnesians ar6 poorer in iron relative to magnesium than 
those of the Upper Dacites, but in the more basic members of the two groups they 
show similar MgO/FeO ratios. 

This state of affairs could have been brought about by— 

(a) some sinking of early-formed magnesium-rich ferromagnesians into the 
layer of the magma reservoir represented by the granodiorite, building up 
the ratio of FeO to MgO in the higher layers; or 

(b) some assimilation of sediments rich in iron relative to magnesium in the 
upper part of the magma reservoir, as discussed later in connection with 
the toscanites; and 

(c) subsequent sinking of the relatively FeO-rich ferromagnesians from the 
upper layers of the magma reservoir into the layer represented by the Upper 
Dacites. 

The toscanites are again abnormal, having distinctively low MgO contents 
relative to total iron contents, with a tendency for magnesium to fall as iron 
increases, the reverse of what is found with the other groups. 

In general, Na 2 0 decreases sympathetically with CaO, corresponding with the 
occurrence of most of the Na 2 0 in plagioclase. Potash, as would be expected, varies 
antipathetically with lime, but the relationship is not well defined, presumably 
because the potash occurs partly in orthoclase, partly in biotite. 

The toscanites again appear somewhat abnormal. With Na 2 0, the trend is the 
reverse of that shown by the other rocks; with I< 2 0, the trend is different from that 
shown by the Lower Dacite group, but would fit to an extension of the Upper Dacite 
and granodiorite curves. 
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The general relationships between the various oxides in the analyses of the 
several rock groups are summarized in Fig. 6A. To draw this diagram, the CaO 
content of the analyses was corrected by subtracting sufficient CaO to combine with 
any CO 2 reported to form CaC0 3 . The residual CaO, together with Na 2 0, K 2 0, 
MgO and total iron oxides calculated as FeO, were then summed and total alkalis 
(Na 2 0 + K 2 0), CaO, and total ferromagnesians (FeO + MgO) calculated as per¬ 
centages of this total and plotted against each other as shown. The diagram expresses 
the parallel trends shown by the Lower Dacites, Upper Dacites and granodiorites, 
and less clearly by the Middle Dacites and the dyke rocks. It suggests that they all 
stem from a common magma. 

The toscanites follow a separate trend, but appear to branch from the trend 
followed by the Lower Dacite group. The method of calculating the CaO content 
emphasises the distinctive trend of the toscanites, but the same trend is apparent if 
no correction is made, and the total CaO found in the toscanite analyses is used in 
the summation of the oxides. If this is done, three of the toscanite analyses fall 
on the Lower Dacite line, one to the left of it and two to the right of it, as in Fig. 6B. 

Conclusions 

The variation curves of Figs. 3, 5 and 6 indicate that the three groups of dacites, 
and the granodiorites, have differentiated by parallel processes, presumably from a 
common magma, to which the hornblende-bearing granodiorite approximates most 
closely. The differentiation of these groups was not, apparently, a single stage 
process, but was renewed after each period of extrusion, so that while the differen¬ 
tiation in each stage followed the same trends, it acted on magma of slightly different 
bulk composition. The Upper Dacites are the differentiation product of magma 
somewhat enriched in iron, presumably as a result of the earlier sinking out of 
ferromagnesian minerals from higher level magma during the differentiation of the 
Lower Dacites. 

Origin of the Toscanites 

The toscanites differ from the other extrusive rocks in several points: 

(a) They are low in CaO, particularly in respect of their (FeO + Fe 2 0 3 ) con¬ 
tent. 

(b) They have a low MgO content, abnormally low in relation to their FeO 
content. 

(c) They are relatively rich in iron. 

These differences are not great, but are sufficient to indicate that the toscanites 
are not normal differentiates of the magma that gave rise to the dacite groups and 
the granodiorites. Some additional factor has been involved in their origin. 

In this connection the chemical composition of a xenolith in the Upper Dacite, 
near Kalorama, seems significant. It shows (Table 10, Analysis 34) in more 
extreme degree the features shown by the toscanites; it is extremely deficient in 
CaO, it is rich in iron oxides (equivalent to 7 per cent FeO), the iron oxides are 
much in excess of magnesia (1 per cent MgO), and MgO tends to exceed CaO. 
Its A1 2 0 3 content is distinctly greater than that of the lavas, but its SiO s content 
is not greatly different. Table 10 show’s, in addition, chemical analyses of two 
Silurian graywackes and a grey slate, lithologically similar to the Palaeozoic sedi¬ 
ments which the igneous rocks have invaded. These analyses show parallel features, 
but in less extreme degree. It is apparent that extensive mixing of rocks of such 
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Table 10 

Analyses of Intruded Sediments 



34 

35 

36 

37 

SiO* 

61-38 

60-41 

74-64 

81-60 

Al 2 O s 

20-28 

17-51 

12-45 

8-64 

Fe 2 O s 

6-91 

2-04 

1-92 

0-55 

FeO 

0-78 

4-95 

3-74 

3-08 

MgO 

0-99 

2-93 

2-03 

1-17 

CaO 

tr. 

0-31 

0-08 

0-34 

Na 2 0 

1-07 

2-77 

2-71 

1-21 

k 2 o 

3-46 

3-92 

0-09 

1-06 

h 2 o+ 

3-38 

3-92 

0-06 

1 -30 

h 2 o- 

0-57 

0-13 

1-28 

0-14 

co 2 

nil 

0-32 

0-04 

abs. 

TiO* 

112 

0-61 

0-79 

0-48 

p 2 o 5 

tr. 

0-42 

0-12 

0-24 

MnO 

tr. 

0-10 

0-03 

0-05 

Cl 

tr. 

tr. 

0-02 

0-02 

so 3 

tr. 

0-17 

0-01 

0-07 

Totals 

99-94 

100-50 

100-01 

99-96 


Explanation 

34. Indurated mudstone inclusion in hypersthene dacite. Mount Dandenong. Analyst — 
F. F. Field. 

35. Slate, quarry behind (south of) hotel, Warrendyte. Analyst —G. C. Carlos. 

36. Subgraywacke, north of Doncaster (Ringwood: 174.412). Analyst —G. C. Carlos. 

37. Subgraywacke, Fritsch Holzer Brickpit, Camberwell. Analyst —G. C. Carlos. 

composition with magma of the compositions shown by the rhyolites and dacites, 
and by the granodiorites, could, if combined with normal differentiation processes, 
have modified the composition of the magma in the directions shown by the toscanites 
and the hypersthene dacites. 

Significance of Hypersthene 

In many andesites, diorites and dolerites the tendency is for augite and hypers¬ 
thene (or their equivalents) to crystallize simultaneously at an early stage, alongside 
basic plagioclase, and at a later stage in cooling, hornblende takes the place of both 
pyroxenes. 

In the Upper Dacite, by contrast, hypersthene phenocrysts predominate, with 
practically no augite, and with further cooling the hypersthene, which had become 
unstable, was replaced by biotite. Where such rocks have been subjected to contact 
metamorphism, the first effect of Eeating was to stimulate a reaction between the 
hypersthene phenocrysts and the orthoclase of the groundmass, to yield biotite. 
With more intense heating, CaO became available from the plagioclase, and reacted 
with the biotite to form hornblende, as at Warburton (Edwards, 1932c) and in an 
undescribed contact of hypersthene dacite with granodiorite in the Macedon district 
(Parish of Kerrie, allots. 135, 138), discovered by Dr. D. E. Thomas. These contact 
phenomena establish that it is not lack of CaO in the magma that prevented the 
formation of augite or hornblende, but its early withdrawal as a stable, “armoured” 
mineral—namely, strongly zoned lime-rich plagioclase—during or before the crystal¬ 
lization of the ferromagnesians. 
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Attention has been drawn elsewhere (Edwards and Crawford, 1940, pp. 305- 
307) to the fact that simultaneous withdrawal of MgO, CaO and A1 2 0 3 in the form 
of basic plagioclase and hypersthene (± augite) is a characteristic feature of the 
differentiation of magmas saturated with Si0 2 , which distinguishes them from 
magmas under saturated with respect to Si0 2 , in which MgO, and to a less extent 
CaO, are removed independently of A1 2 0 3 , as olivine and augite, permitting a 
distinct concentration of A1 2 0 3 in the residual magma. The Victorian dacite suite 
was included in the original comparison. 

Normally this behaviour in saturated magmas leads to the simultaneous crystal¬ 
lization of hypersthene and augite. The concentration of the CaO wholly in felspar 
suggests that at the temperatures prevailing when the plagioclase and hypersthene 
phenocrysts crystallized, the magma was also saturated, or even over-saturated, 
with A1 2 0 3 , so that all available CaO necessarily combined with A1 2 0 3 to form 
plagioclase, in this way accommodating the maximum amount of A1 2 0 3 that could 
be accommodated at these temperatures, but leaving no CaO to form augite 
(Edwards, 1937, p. 107). 

With the slower cooling that prevailed in the granodiorites at subsequent stages 
of crystallization, any pyroxene became unstable, and the CaO was in part returned 
to the magma, permitting the formation of some hornblende. With the hypersthene 
dacites, however, as a result of extrusion, subsequent reaction was limited in range 
to the “groundmass” in the immediate vicinity of the phenocrysts. As this was 
predominantly potassic, biotite formed directly at the expense of the hypersthene, 
and not hornblende (Edwards, 1932a). 

Comparison of analyses of hypersthene dacites and related granodiorites from 
various localities within the rhyolite-dacite-granodiorite province of Central Victoria 
reveals that though they have generally similar Al 2 0 3 /Ca0 ratios, the hypersthene 
dacites tend to contain more A1 2 0 3 and CaO than the granodiorites (Fig. 4), 
evidence presumably of crystal sinking of plagioclase into the magma layer that gave 
rise to the hypersthene dacites. 

The likely cause of this saturation of the magma in A1 2 0 3 is assimilation of 
argillaceous sediments, such as seems necessary to explain the abnormal features of 
the toscanites. These rocks, being rich in A1 2 0 3 , FeO and, in much less degree, 
MgO, and poor in CaO. could be expected to have an effect parallel to that reported 
by Bowen (1923, p. 213-214) and by Read (1931) to result from the addition of 
alumjna-rich material to basaltic magma, namely “an increase in the amount of 
magnesia in the pyroxene, and of anorthite in the plagioclase.” 

As suggested previously (Edwards, 1937, p. 108), the presence of pyrogenic 
garnets in the more acid lavas is evidence that they also were saturated or super¬ 
saturated with A1 2 0 3 , so that the effects of assimilation of the roof rocks are 
apparent in some degree in the whole suite of lavas. 

The Structure of the Dandenong Ranges 

Morris (1914, p. 359) concluded that “a large rectangular block, including at 
least the northern part of the Dandenong mountains, has foundered between . . . 
two fault planes.” Of the postulated faults, the westerly “Montrose Fault” was 
considered to form a linear junction between the Lower Dacites and the Upper 
Toscanites for a distance of seven miles along the western flank of the Dandenong 
Ranges, to a point as far south as the Salvation Army farm at Bayswater, while 
the easterly “Evelyn Fault” was thought tc be an arcuate fault bounding the eastern 
edge of the igneous rocks, and possibly extending from the Yarra River in the north, 
through Evelyn, to as far south as Monbulk. 
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Lilydale Hills Syncline 

Re-mapping of the igneous boundaries in the northern part of the area, in the 
light of increased exposures, reveals that they are normal boundaries of super¬ 
position, and confirms Hills’s (1941) interpretation of Morris’s map (1914, PI. 
XXX) as indicating that the general structure of the Lilydale Hills is “that of a 
broadly open syncline”. The flow planes in the toscanites which flank the Lower 
Dacites on the west, north and east, and the contacts of the lava flows, dip inwards 
at 10° to 15°, so that the syncline pitches gently to the south. 

Western or Montrose Monocline 

No evidence has been found of the existence of the “Montrose Fault”, as such, 
along the western flank of the Dandenong Ranges proper. As Hills (1941) has 
shown, the prominent scarp of the ranges is due to a large NE-SW trending 
monocline, running obliquely across the synclinal structure of the Lilydale Hills 
from near the Evelyn State School towards Bayswater. As it is followed to the 
south-west it appears to swing to an increasingly southerly trend through The Basin 
and Boronia. Beyond Ferntree Gully it cannot be traced. 

The lavas have been warped down on the south-eastern and eastern side of the 
monocline, and the scarp has formed along that part of the steeply dipping limb of 
the fold that is composed of resistant lavas (Fig. 7). The N-S strike of the flow 
planes in the lavas at the southern end of the scarp confirms that the monocline is 
arcuate in trend. 

The more or less lobate protrusions of toscanite from the otherwise generally 
linear margin of the igneous rocks between Montrose and Boronia appear to be 
infilled valleys of the pre-extrusion surface, comparable with the toscanite-filled 
valleys at the northern end of the area. Here, however, the infilled valleys are 
steeply tilted, so that they are seen in cross-section. Because of the hardness of the 
toscanites, the valleys now outcrop as hills or ridges, while the softer sediments that 
formed the interfluves between these former valleys now appear as indentations in 
the margin of the igneous rocks. 

A further measure of the steep south-easterly dips of the rocks along the scarp 
is given by the V-ing of the Middle Dacite-Upper Dacite contact on the geological 
map (Fig. 2). The angle of dip indicated is 60° to 70° over much of its length. 
Two sections through the monocline are shown in Fig. 7. 

Eastern Margin 

The eastern margin of the Dandenong Ranges consists of a combination of faults 
and a second large monocline. The Evelyn Fault of Morris (1914) can be traced 
from about half a mile north of the Evelyn State School, southwards across the 
Olinda Creek and the north-eastern spur of the Dandenong Ranges, to where it 
again intersects the Olinda Creek (Fig. 1). This fault marks the junction of the 
Lower Dacite, the Middle Dacite and the Upper Dacite with the Palaeozoic sedi¬ 
ments on the east, between these points. The Upper Dacite at the faulted contact 
is not the dark chilled base of this lava flow, but a relatively light-coloured phase, 
typcial of its higher levels. The extrusive rocks have been thrown down to the west. 
The course of the fault is about N-S, and the fault plane dips at about 70° W. 

The fault is contemporaneous with the extrusion of the Upper Dacite, since the 
consanguineous granodiorite that has intruded the Palaeozoic sediments enclosed 
in the great bend of the Olinda Creek, and in the vicinity of Silvan Dam, has also 
metamorphosed the Upper Dacite along the faulted contact. 
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Fig. 7.— Cross-sections through the Dandenong Ranges. (Legend as for Fig. 2.) 
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The E-W section of the Olinda Creek, upstream from the junction of the Lyre 
Bird Creek, appears to mark a second fault, striking E-W, along which the dacites 
appear to have been offset. This also is presumably pre-granodiorite. 

Southwards from this section of Olinda Creek the eastern margin of the Dan- 
denong Ranges appears to lie in a monoclinal structure—the Monbulk Monocline 
(Fig. 1). The margin of the extrusive rocks is marked by steep slopes that die 
away as they approach the strong ridge separating Lyre Bird Creek from the 
catchment of the Silvan Reservoir. Along the Silvan Reservoir boundary fence, 
which follows the crest of this ridge as far as the Chalet-Burleigh road from Olinda, 
the typical chilled base of the Upper Dacite is found at its contact with the Silurian 
sediments, and also at its contact with a lobate outcrop of intrusive porphyrite. The 
chilled base of the Upper Dacite is also found near its rather indeterminate contact 
with the Palaeozoic sediments on the road from the Chalet guest-house to Burleigh, 
at the southern end of the reservoir, and on the road from Olinda to Monbulk via 
Nathania Springs. 

From the Chalet-Burleigh road south to about Emerald the margin of the 
extrusive rocks has a generally linear trend to the south-east. Along most of this 
stretch it is marked by a scarp similar to that along the western margin of the ranges, 
but not as high or as steep, and deeply covered with soil and hill-wash. There is a 
deep embayment in this scarp at The Patch, where the Sassafras Creek issues from 
the ranges. The embayment has resulted from the “retreat” of the edge of the 
Upper Dacite up the valley of Sassafras Creek, exposing the underlying pyroclastics 
and Middle Dacite of The Patch. The contact of the Upper Dacite with the 
pyroclastics is masked, but the pyroclastics and the Middle Dacite flow outcropping 
at Camm’s Jam Factory appear to dip at about 45° SW (Fig. 7). 

South-east of The Patch, where the road from The Patch to Menzies Creek 
forks at the head of Tea Tree Creek, pyroclastics containing fragments of rhyolite 
and toscanite dip at 65° to 70° SW, so that they presumably underlie the Upper 
Dacite of John's Hill, but the broad concave slope of soil and hill-wash between 
the pyroclastics and outcrops of Upper Dacite masks their full extent and exact 
relations. 

The V-ing of the chilled base of the Upper Dacite where it crosses valleys and 
ridges, and its generally linear trend, when taken in conjunction with these dips, 
indicate that the eastern scarp of the Dandenong Ranges, like the western scarp, 
marks the limb of a monocline. This eastern monocline—the Monbulk Monocline— 
dips at 40° to 60° SW (Fig. 1). 

The view expressed by Morris (1914), that the lavas occur on a depressed block, 
is therefore substantially correct, except that the depressed block is bounded in the 
main by monoclines rather than by faults, and tends to the form of a great syncline, 
rather than of a graben (Fig. 7). 

The Southern Margin 

The linear and scarp-like character of the southern margin of the Dandenong 
Ranges (as defined here) raises the question as to whether this margin also is the 
product of warping or faulting. As Skeats (1910) has shown, the Upper Dacite 
has been intruded and metamorphosed by granodiorite along the greater part of this 
southern margin, but at its western end the Upper Dacite is underlain by Middle 
Dacite. The Middle Dacite outcrops on the northern slopes of the ridge that forms 
the southern side of the valley of Monbulk Creek, and dips to the north-east at a 
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moderate angle. It is at a lower elevation than the granodiorite to the east of it, 
so that any Middle Dacite further to the east would have been destroyed by the 
granodiorite. 

The highest level reached by the granodiorite is about 1000 ft. (R.L.) near 
Aura. The Upper Dacite to the north of it rises to 1378 ft. along John’s Hill, and 
if this dacite had extended far south of its present limits some metamorphosed 
outliers of Upper Dacite might be expected in the granodiorite area. No such 
outliers have been found, however, and all the xenoliths examined appear to be 
derived from sediments. 

The chilled base of the Upper Dacite can be seen where it overlies the Middle 
Dacite, at its south-western limit, but is not apparent along the granodiorite contact. 
The Upper Dacite away from the immediate contact zone has the features of rock 
some 200 to 300 ft. above the chilled base. 

The outcrop evidence suggests, therefore, that the Upper Dacite has been warped 
down, or faulted down, to the north, along its southern margin, before the grano¬ 
diorite was intruded. Consideration of the E-W sections shown in Fig. 6 indicates 
that the geometry of such a synclinal subsidence requires a matching down-warp 
or fault along the southern margin of the structure. This hypothetical down-warp 
is shown in Fig. 1, where it is termed the Selby Monocline. 

Time of the Subsidence 

The relationship between the Evelyn Fault, the Upper Dacite and the Silvan 
Granodiorite establishes that the structure developed after the Upper Dacite was 
extruded and consolidated, but before the granodiorite was intruded. 

The relationship of the Lysterfield Granodiorite to the Upper Dacite supports 
this interpretation, although, as suggested by Skeats (1910), some contemporaneous 
movement may have been involved to produce the gneissic dacite zones. 

The dips shown by the chilled base of the Upper Dacite along the Montrose 
and Monbulk Monoclines support the idea that the down-warping post-dated the 
extrusion of this dacite flow. 

Cause of the Down-warping 

The subsidence of the lavas post-dates the folding of the Palaeozoic sediments 
and can scarcely be attributed to orogenic movements. The likely cause of it is a 
collapse of the roof of the magma chamber consequent on the withdrawal of magma 
to form the Upper Dacite flow. The Lilydale Hills Syncline may be a component 
of this subsidence, or the outcome of an earlier and lesser sagging in response to 
the withdrawal of the Toscanite and Lower Dacite magmas, and the possible 
weakening or thinning of the roof of the magma chamber by assimilation to the 
extent necessary to develop the toscanites. 

The subsidence of the Dandenong Ranges parallels, though on a much smaller 
scale, the vast Cerberean cauldron subsidence, with its marginal ring dyke of grano¬ 
diorite porphyrite, that embraces the rhyolites and dacites of the Marysville Igneous 
Complex (E. S. Hills, in Thomas, 1947). There, as in the Dandenong Ranges, the 
lavas were subsequently intruded by granodiorite. It would appear that roof 
subsidence is a characteristic accompaniment of large-scale extrusion of lava in the 
Upper Devonian rhyolite-dacite-granodiorite province of Central Victoria. 

Conclusions 

The phenomena described establish that the rhyolite-dacite-granodiorite associa¬ 
tion in the Dandenongs igneous complex, as at Macedon, Warburton, The Black’s 
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Spur, Marysville and elsewhere within the 10,000 sq. mile Upper Devonian calc- 
alkaline province of Central Victoria, is the outcome of the differentiation of a 
granodiorite magma. The various effusive rocks were formed by a combination of 
fractional crystallization and gravitational differentiation acting in conjunction with 
the assimilation of Palaeozoic sediments. 

Assimilation on a large scale occurs only where the intrusive process is slow 
and is spread over a considerable area. The general effect of assimilation is to 
accelerate or retard the normal differentiation process, in that more or less of a 
particular mineral crystallizes as a result of it, and either sinks or floats, thereby 
restoring the overall chemical equilibrium of the magma. This could be regarded 
as an example of Le Chatelier’s principle. 

For assimilated rock to alter significantly the course of differentiation, it is 
necessary that its composition should differ notably from that of the magma, as 
when granitic magma assimilates limestones or highly calcareous sediments. This 
can be observed on a micro-scale from a study of xenoliths. Assimilation of mud¬ 
stones and graywackes of the chemical composition shown in Table 10 will not 
significantly change the course of differentiation of a granodiorite magma, whereas 
assimilation of these sediments by an undersaturated olivine basalt magma could 
render it saturated with respect to SiOa, and so change completely the course of 
its subsequent differentiation (Edwards and Crawford, 1940). 

The granodiorite magma, at each of its centres of extrusion, has risen up through 
the sediments filling the Victorian Lower Palaeozoic geosyncline. The thickness 
of these sediments, which range from Cambrian to Devonian in age, has been 
estimated at 40,000 ft. (Hills and Thomas, 1954) and they are lithologically very 
uniform, consisting of shales, slates, mudstones and graywackes (subgraywackes), 
with very minor calcareous intercalations. They are practically devoid of volcanic 
material, apart from a series of basalts, basic agglomerates and tuffs, at the base of 
the geosynclinal pile, in the Lower Cambrian. Their effect on the differentiation of 
the granodiorite magma, at its different centres of extrusion, should, therefore, have 
been consistent. 

The magma could scarcely have originated by the granitization of these sedi¬ 
ments because, though they have been strongly folded, they have not suffered any 
significant degree of dynamic metamorphism, except in north-eastern Victoria, in 
an area that lies outside the region under consideration. The magma must, there¬ 
fore, have come from a deeper level of the crust than the base of the geosyncline, 
and there must have also been a great and continuing supply of heat from this 
level to maintain its upward progress. 

Meta-basalts are recorded from some of the centres of extrusion (Hills, 1932; 
Thomas, 1947), raising the question as to whether the granodiorite magma is a 
primary magma or the product of differentiation of a basaltic magma that has 
assimilated great quantities of sialic material (Edwards, 1937). The present study 
yields no further evidence on this point. 

The granodiorite magma has risen through the full thickness of the Lower 
Palaeozoic geosyncline, inducing contact metamorphism, but not disturbing the 
strata. Its relation to the invaded sediments is everywhere cross-cutting. It is 
sufficiently full of sedimentary xenoliths to leave little doubt that its rise was by a 
process that involved the piecemeal sinking of blocks of the roof rocks, accompanied 
l)y their recrystallization and ultimate dispersion through the magma, and Hills 
(1932) has described highly hybrid granitic rocks of this character at Marysville. 
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The magma approached relatively close to the surface, and gave rise to a series 
of eruptions of varying degrees of violence, forming a high proportion of lavas 
containing abundant fragments of the invaded sediments and earlier lavas. Suc¬ 
cessive periods of eruption alternated with periods of quiescence, sufficiently long to 
permit renewal of differentiation in the residual magma. 

Some collapse of the roof accompanied the withdrawal of magma to form lavas, 
and following the major extrusion of the Upper Dacite, or contemporaneously with 
its extrusion, a major subsidence occurred near what was probably the centre of 
the intrusion. This parallels in many respects the large-scale cauldron subsidence 
that affected the Marysville igneous complex, of this same general character. 

A subsequent further rise of the magma failed to breach the cover rocks, though 
it penetrated the lavas within the area of subsidence, and metamorphosed them. 
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Abstract 

Conclusions concerning the movement of sands over long-term periods, as determined from 
detailed studies of the mineral compositions, grain sizes and solubilities of existing beach and 
harbour floor sands in the Portland district accord with results obtained from the short-term 
tracing of the movement of marker minerals added at significant points to the sea floor and 
the beaches. 

The evidence from these studies indicates that coastwise littoral drift into the Harbour 
region from east or west is of minor significance. Most effects in the Harbour are caused by 
seasonal variations of onshore and offshore drift. Existing conditions of equilibrium in the 
Harbour region are likely to be upset by construction of the Main Breakwater and the Lee 
Breakwater, necessitating regular dredging operations. 
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Introduction 

A study of the grain sizes and compositions of the beach and Harbour floor 
sands in relation to the geology of the Portland district, south-western Victoria 
(Mineragraphic Report No. 622), followed by the tracing of the movements of 
marker minerals added to the sea floor and to certain of the beaches, at significant 
points (Mineragraphic Report No. 635), was undertaken in the Mineragraphic 
Investigations Laboratory, C.S.I.R.O., at the request of the Portland Harbour Trust 
Commission. 

The purpose of the study was to explore the movement of sand along the coast 
in relation to the new harbour at present under construction on the sheltered eastern 
side of Bridgewater Promontory, facing eastwards into Portland Bay. 

Along the 90 miles of coastline included in this study, it was necessary to 
examine the sand groups from three principal units, namely: 

(a) Discovery Bay in the west of the area, extending for 32 miles from Descartes 
Bay, past the mouth of the Glenelg River to the South Australian border; 

(b) Bridgewater Promontory, extending for some 21 miles from Cape Bridge- 
water to Point Danger; and 

(c) Portland Bay, including the Harbour region, trending NNW for six 
miles from Point Danger to beyond Whaler’s Point, thence NE for eight miles to 
Narrawong, and then easterly and south-easterly for 22 miles to the south-eastern 
side of the mouth of the Eumeralla River. 

The Discovery Bay coastline is formed of almost continuous beach sands, broken 
only by small outcrops of dune limestone at Noble’s Rocks and Sutton’s Rocks. 
The backshore region consists of a series of E-W trending sub-parallel sand dunes, 
largely devoid of vegetation and rising to heights of 100 ft. or more (Coulson, 

1940) . 

The Bridgewater Promontory coastline consists of bold cliffs 200 to 450 ft. high 
where three composite volcanoes of olivine basalt flows and tuff beds (Coulson, 

1941) are situated at Cape Bridgewater, Cape Nelson and Cape Grant. These are 
connected by stretches of sandy beaches forming Bridgewater Bay and Nelson Bay, 
backed for most of their length by continuous sand dunes, except at the sheltered 
western end of Bridgewater Bay. 

The Portland Bay coastline is comprised of a short western shoreline consisting 
of cliffs of basalt and tuff in parts, alternating with occasional pocket beaches as 
far as Double Corner, beyond Whaler’s Point. In the Portland Harbour region, 
cliffs of Tertiary limestone are capped by basalt in the vicinity of Whaler’s Point. 
Beyond Double Corner the coastline swings in a broad arc past Narrawong, Tyren- 
darra and Yambuk to Cape Reamur, and the coast consists of sandy beaches backed 
by a low coastal plain and vegetated dune ridges in the west, the sand dunes becoming 
bare of cover and rising higher east of Tyrendarra. 

The Surrey, Fitzroy and Eumeralla Rivers, emptying into Portland Bay, drain 
an area composed essentially of Tertiary olivine basalts and tuffs. The Glenelg 
River, emptying into Discovery Bay, traverses a terrain of Pre-Cambrian granites, 
schists and gneisses, Permian glacials, Mesozoic sediments and Tertiary limestones, 
sands and clays. 

Wind Directions 

A wind analysis for Portland, covering the period 1941-1945, kindly supplied 
by the Commonwealth Meteorological Bureau, reveals that the sum total of onshore 
winds is 64% to 75% of all winds with speeds greater than 13 m.p.h., and 58% of 
all winds with speeds between 8 and 12 m.p.h. 
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Of these, the south-westerly winds blow throughout the year, but more especially 
in the months of February-March and October-November. They are also the 
strongest winds, comprising 50% of all winds with speeds greater than 31 m.p.h., 
34% of all winds with speeds between 19 and 31 m.p.h., and 30% of all winds with 
speeds between 13 and 18 m.p.h. The south-westerlies are thus the dominant winds 
in respect to sand drift. The only sections of the coast shielded from them, by west 
of north trending cliffs of basalt, are limited to the western ends of Portland Bay 
(i.e., the Harbour region) and Bridgewater Bay respectively. Such sections of the 
coast are devoid of sand dunes. On the other hand, sand dunes are developed in 
the backshore regions of all other sections of the three principal coastal units, 
except in exposed areas where bold cliffs of basalt are lapped by the sea. The 
variation in height of the dunes corresponds more or less to the degree of exposure 
to the south-westerlies. 

South-easterlies blow chiefly from December to April and comprise 19%, 10% 
and 12£% respectively of all winds of velocities from 13 to 18, 19 to 31 and over 
31 m.p.h. Their effect on coastwise sand drift is thus not expected to be of any 
marked significance compared with the south-westerlies, while southerly and easterly 
winds are even less frequent and less powerful. 

Westerly winds blow chiefly from August to January and, along with the north¬ 
westerly winds, must affect the disposition of sand dunes along Discovery Bay. 
The north-westerlies, however, are not likely to promote sand drift along the beaches, 
inasmuch as they have little or no fetch in this region. 

Offshore winds blowing from the north and north-east have their greatest fre¬ 
quency from May to September. They constitute 61% of all winds with speeds 
between 1 and 7 m.p.h., and are unlikely to promote sand drift along the coast. 

Field Sampling 

Sampling of the beach and harbour floor sands was conducted by the Portland 
Harbour Trust engineers in two stages (I) during May and June, 1954, in order 
to obtain representative samples for detailed study, prior to the selection of suitable 
marker minerals, and (II) during June to October, 1955, to obtain test samples for 
the detection of the marker minerals. 

Samples collected during stage I were obtained at the stations shown in Figs. 1 
and 2. The sand samples studied are grouped as follows: 

(i) Discovery Bay—a series of 46 samples (Nos. 1-46) was taken. Sampling 
stations were spaced at two-mile intervals. At each station three samples 
were taken, one at low water mark, one at high water mark, and one at the 
foot of the dunes, where present. 

(ii) Portland Bay—a series of 22 samples (Nos. 101-122) was taken at intervals 
along Portland Bay beaches at low water mark, eastwards from the Dutton 
Way. 

(iii) Bridgewater Promontory—a series of 9 samples (Nos. 200-208) was taken 
at intervals along Bridgewater Bay and Nelson Bay at low water mark. 

(iv) Portland Harbour Beaches—a series of 8 samples (Nos. 123-130) was 
taken at irregular intervals from the pocket beaches and the main harbour 
beach at Portland at low water mark. Two of these samples, Nos. 129 and 
130 are anomalous. They were taken above and below high water mark, 
about 100 ft. apart, adjacent to the Portland Harbour Trust Offices, where 
material excavated from the Boat Harbour area had been dumped pre¬ 
viously. 
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Fig 1—Sketch map of the Portland district showing sites of sampled beach and dune sands. Sampled May, 1954. 
(Based on Portland Harbour Trust Plan XII4, Sheet 1, 1954. Distribution of Basaltic Rocks from Coulson, 1941.) 
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Fig. 2.—Sketch map of the Portland Harbour area showing location of sampled beach 
and harbour floor sands. Sampled May, 1954. (Based on Portland Harbour Trust Plan 
X114, Sheets 2 and 2A, 1954.) 


(v) Portland Harbour Floor—a series of 24 samples (Nos. 301-325) was taken 
from the harbour floor at stations located as shown in Fig. 2. 

In sampling the beach sands, a sample of about 2 c.ft. was cut with a spade. 
The sample was then quartered down to about 1000 grams, dried and sized through 
B.S.S. sieves. The sea floor samples were taken with a small grab, at a depth of 
30 to 40 ft. below sea level. The depth of bite was 6 to 12 in., and the sample 
approximated to 1 c.ft. Each was quartered down to 1000 grams, dried and sized. 
All of the grab samples brought up sand except at station No. 307, which yielded 
friable sandstone encrusted with recent marine organisms. 

Most of the beach sands were sampled from within the swash zone, where the 
effects of sand re-sorting by the wind are minimized. 

Test samples, collected in the same way during stage II, were taken at various 
intervals of time at several groups of stations (see under “Movement of Marker 
Minerals”). All but the —52 mesh fractions were rejected, since the marker 
minerals were of —52 mesh size. Five hundred gram samples were examined, and 
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positive results notified to Portland Harbour Trust officers so that new sampling 
stations could be taken up as required. Samples were always taken, if possible, at 
two adjacent stations, so that the rate of progress of marker mineral drift could be 
checked by positive and negative results. 

Mechanical Analyses 

Each sand sample was sized through B.S.S. sieves and the weighed quantities 
from each have been expressed on a percentage basis in Tables 2 to 8 of Minera- 
graphic Report No. 622. All but one sample yielded size fractions within the range 
7-14 mesh, 14-25 mesh, 25-52 mesh, 52-100 mesh. 100-200 mesh and —200 mesh. 
From these percentages were prepared the cumulative frequency curves shown in 
Figs. 3 to 9. 

Figs. 3 to 9 facilitate comparisons of grain size distribution among the various 
sands themselves, and between groups of sands arranged thus: 

(1) Discovery Bay—Low Water Mark Sands. 

(2) Discovery Bay—High Water Mark Sands. 

(3) Discovery Bay—Foot of Dunes Sands. 

(4) Bridgewater Promontory Beach Sands. 

(5) Portland Bay Beach Sands. 

(6) Portland Harbour Beach Sands. 

(7) Portland Harbour Floor Sands. 

The curves reveal that the majority of the sampled sands have a relatively small 
range of grain size and are mostly well sorted. 

From these curves ( cf . Krumbein and Pettijohn, 1938; Pettijohn, 1949) three 
significant values, namely (a) the median parameter (Md), (b) the first quartile 
(Qi), and (c) the third quartile (Q 3 ), as well as two quartile measures calculated 
from these values, namely (i) the sorting coefficient (So) and (ii) the skewness 
coefficient (Sk), have been determined for each sand sample (see Tables 9 to 15, 
Mineragraphic Report No. 622). The ranges of the significant values and of the 



Fig. 3.—Cumulative frequency curves showing grain size dis- 
:ribution of Discovery Bay low water mark sands (samples 1-46). 
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Fir,. 4.—Cumulative frequency curves showing grain size dis¬ 
tribution of Discovery Bay high water mark sands (samples 
2-43). 



Fig. 5. —Cumulative frequency curves showing grain size dis¬ 
tribution of Discovery Bay foot of dunes sands (samples 5-44). 
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Fig. 6 .—Cumulative frequency curves showing grain size dis¬ 
tribution of Bridgewater Promontory beach sands (samples 
200-208). 
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Fig. 7. —Cumulative frequency curves showing grain size dis¬ 
tribution of Portland Bay beach sands (samples 101-122). 
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Fig. 8. —Cumulative frequency curves showing grain size dis¬ 
tribution of Portland Harbour beach sands (samples 103, 104 
and 123-130). 



a i '/ 2 ' / 4 '/a 1 /1 6 '/ja 

CRAIN SIZE 


Fig. 9. — Cumulative frequency curves showing grain size dis¬ 
tribution of Portland Harbour floor sands (samples 301-325). 
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quartile measures for each group of sands have been compared in Table 16, Minera- 
graphic Report No. 622. Their average values are presented herein in Table 1, 
which compares the summarized results of the mechanical analyses, and confirms 


Table 1 

Averages of Significant Values a)td of Quartile Measures of Portland District Marine Beach 
Sands, Dune Sands and Harbour Floor Sands 


Group 

No. 

Location 

Sample 

Numbers 

Md 

(m.m.) 

q 3 

(m.m.) 

Qi 

(m.m.) 

So 

Sk 

1 

Discovery Bay, Low 

Water Mark Sands 

1-46 

0-29 

0-46 

0-20 

1-45 

1 07 

2 

Discovery Bay, High 

Water Mark Sands 

2-43 

0-29 

0-40 

0-21 

1-36 

102 

3 

Discovery Bay, Foot 
of Dunes Sands 

5-44 

0-25 

0-34 

014 

1-32 

100 

4 

Bridgewater Promontory 
Beach Sands 

200-208 

0-23 

0-34 

015 

1-36 

1-08 

5 

Portland Bay Beach Sands 

101-122 

0-25 

0-34 

018 

1 -33 

103 

6 

Portland Harbour Beach 
Sands (Natural) 

123-128 

018 

0-22 

015 

1-21 

102 

7 

Portland Harbour Beach 
Sands (Dumped Material) 

129-130 

0-23 

0-36 

016 

1-53 

110 

8 

Portland Harbour Floor 
Sands 

301-325 

018 

0-21 

015 

118 

0-98 


Key: Md = Median; Q„ Q 1 = Quartiles; So = Sorting coefficient; Sk = Skewness (“Sym¬ 
metry”) coefficient. 


the field observation that the Portland Harbour floor and beach sands are distinctly 
finer-grained than the sands of the other beaches, with the exception of the sand at 
the sheltered western end of Bridgewater Bay. 

The average values in Table 1 also show that the backshore sands from the foot 
of dunes along Discovery Bay are somewhat finer-grained than the sands at low 
and high water marks. 

The majority of the sands provide unimodal, narrow, steeply peaked size fre¬ 
quency distributions. Only rare examples (Nos. 18 and 202 — see Fig. 1) reveal a 
slight tendency towards bimodal distributions, and in them the primary mode is in 
the medium to fine sand range, with a lesser mode in the coarser sand sizes. 

Sorting 

The more closely a sand approaches uniformity in grain size (i.e., falls within 
a single size fraction), the closer its sorting coefficient (So) approaches unity. 

It is apparent from Table 1 and Figs. 3-9 that the harbour floor sands are the 
most uniform of those tested, and that where not contaminated with dumped 
material the harbour beach sands are only slightly less uniform in grain size. 
Approximately 95% to 98% of the sand in any one sample falls within a single 
size fraction. The sands from the other beaches are markedly less welt sorted, with 
a significant spread over three or four size fractions, the Discovery Bay sands 
showing the greater distribution over more than one fraction. 

Along Discovery Bay, the backshore sands ai;e better sorted than the low water 
mark sands. Coupled with their rather finer grain size, this is attributed to the 
superposition of wind sorting upon previous wave sorting for the backshore sands. 
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The more closely the distribution of grain size becomes symmetrical about the 
median parameter, the more nearly the skewness coefficient (Sk) approaches unity. 
A bias towards the coarser sizes results in a figure greater than unity, while a bias 
towards the finer sizes yields a figure less than unity. Table 1 shows that where 
the harbour floor and harbour beach sands are not contaminated with dump material 
there is almost symmetrical distribution of grain size, but with a slight negative 
skewness. The wind-worked backshore sands of Discovery Bay have very sym¬ 
metrical grain size distribution. The other beach sands show a slight positive skew¬ 
ness, being somewhat asymmetrically skewed towards the coarser sizes. 

Lateral Variations 

Grain size and degree of sorting vary laterally along the several beaches, as 
shown graphically in Fig. 10. 

Along Discovery Bay (Fig. 10, D and E) the grain size is at a maximum and 
the degree of sorting at a minimum over the central section between Swan Lake 
and Sutton’s Rocks. The grain size falls sharply to a minimum in the lee of Sutton’s 
Rocks and of Noble’s Rocks, and the degree of sorting increases sympathetically. 
The same trend holds for the backshore sands (Fig. 10, C), with the fine-grained, 
well-sorted section extending from south-east of Sutton’s Rocks to north-west of 
Noble’s Rocks. By breaking up the waves, these two rocky projections evidently 
reduce wave energy, thus permitting the accumulation of finer-grained sand in their 
vicinities. 

Along Bridgewater Bay (Fig. 10, A) there is a rather irregular increase in 
grain size of the sand from west to east, the finer-grained sands having accumulated 
at the sheltered western end, with a second section of relatively fine-grained and 
well-sorted sand in the lee of rocky outcrops at Shelly Beach. 

Along Portland Bay (Fig. 10, F) the grain size increases and the degree of 
sorting decreases more or less progressively from west to east, corresponding to 
increasing degrees of exposure to wave attack from the south-west. 

Solubility Analyses 

The proportions of soluble and insoluble constituents in the various size fractions 
of the sands were determined as a preliminary to studying their mineral content. 
The results are listed in Tables 18 to 24 of Mineragraphic Report No. 622. They 
generally confirm Coulson’s (1940, p. 319) observation that the Portland Harbour 
beach sands are more than 90% acid soluble (1:1 HC1), while Discovery Bay sands 
are approximately 75% acid soluble. 

The acid soluble portions consist essentially of well-polished fragments of shells, 
etc. (= organogenic fragments). Insoluble residues consist mainly of quartz, with 
fragments of basalt in places and minor amounts of 42 other minerals. Locally 
there are significant accumulations of artificial substances such as slag, bottle glass, 
etc. 

The percentages of insoluble material in each size fraction of the sands from 
the various sand groups (Fig. 11) and the ratios of soluble to insoluble material 
determined therefrom (see Tables 25 to 31, Mineragraphic Report No. 622) reveal 
several interesting trends. The range and average values of the solubility ratios 
are shown in Table 2. 

Discovery Bay 

At Descartes Bay, situated at the south-eastern end of Discovery Bay beach, 
insoluble material constitutes about 40% of the sand, and is partly basaltic material 
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Table 2 

Ranges and Average Values-of Solubility Ratios of Portland Sands 


Group 

Number 

Location 

Sample 

Numbers 

Range in 
Solubility 
Ratio 

Average 

Solubility 

Ratio 

I 

Discovery Bay Low Water Mark 

1-46 

1-5-12-7 

4-5 


Sands 




2 

Discovery Bay High Water Mark 

2-43 

1-6-12-4 

3-3 


Sands 




3 

Discovery Bay Foot of Dunes 

6-44 

1-9-15-4 

3-8 


Sands 




4 

Bridgewater Promontory Beach 

200-208 

1-9-22-8 

7-3 


Sands 




5 

Portland Bay Beach Sands 

101-122 

1-1-70-4 

17-7 




(15-0 

including 






Nos. 123-128) 

6 

Portland Harbour Beach Sands 

123-128 

1-9-6-8 

5-1 


(Natural) 



(7-7 

including 





Nos. 103 & 104) 

7 

Portland Harbour Beach Sands 

129-130 

0-5-0-7 

0-6 


(Dumped Material) 




8 

Portland Harbour Floor Sands 

301-325 

9-8-20-3 

13-2 


derived from the Cape Bridgewater basalts, partly quartz. In a north-westerly 
direction along the beach the amount of basaltic material decreases, but the insoluble 
matter is maintained at 35% to 40% (see Fig. 11, D) for about six miles, partly 
as a result of the concentration of artificial slag along this section of the beach. 
Further north-west the insoluble content falls to 25% to 30% and consists essen¬ 
tially of quartz grains. This content of insoluble material is maintained for about 
sixteen miles as far as a position approximately two miles north-west of Noble’s 
Rocks, after which it declines to about 7% on approaching the mouth of the Glenelg 
River. 

The insoluble material in the Discovery Bay sands is uniformly distributed 
through the sizing fractions from +25 to +200 mesh, with some tendency to decline 
in the —200 mesh fraction. 

Bridgewater Bay 

In Bridgewater Bay the insoluble content of the sands falls from about 35% at 
the eastern end of the bay to about 25% in the central section of the beach, and then 
to about 5% at the extreme western end (Fig. 11, A). Over the central section, 
quartz is the chief insoluble component, but at the western end this is augmented 
by basaltic material. The trend parallels that shown in Discovery Bay. The per¬ 
centage of insoluble material is more or less uniform in each size fraction. 

Portland Bay 

The Portland Bay sands show a generally similar trend, but in the reverse 
direction (Fig. 11, C) ; local accumulations of slag and small variations in the 
vicinity of river mouths affect the trend to some extent. At the south-western end 
of the Bay, along the section from Cape Grant to Blacknose Point, there is a 
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GEORGE BAKER: 




Fig. 11—Graphs showing variation of the insoluble residue percentages of the Portland 
district beach and dune sands. 

A—Bridgewater Promontory beach sands (samples 200-208). 

B—Portland Harbour beach sands (samples 103, 104 and 123-128). 

C—Portland Bay beach sands (samples 101-122). 

D—Discovery Bay foot of dunes sands (samples 5-44), high water mark sands 
(samples 2-43), and low water mark sands (samples 1-46). 

concentration of basaltic material which raises the insoluble content to nearly 50% 
of the total sand. From Lady Bay, where the basalt recedes from the cliffs, north¬ 
eastward and then eastward to a point four miles east of the mouth of the Fitzroy 
River, quartz is the predominant insoluble component, and the insoluble content of 
the sands averages 10%, rising to 15% where slag is locally abundant. East from 
this point, in the vicinity of the Eumeralla River mouth, the insoluble content 
declines to less than 2% of the sand. 

Whereas the trend is similar to that shown by the Discovery Bay sands, there 
is a significantly lower content of insoluble material along the section where quartz 
is the principal insoluble component. The insoluble material is about equally high 
in the +100 and +200 mesh fractions, but declines in the +52 mesh and coarser 
fractions, as well as in the —200 mesh fraction. 
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In the harbour beaches, the insoluble content is about 15% of the sand, except 
in sample 128, which contains an unusually high proportion of basaltic material, and 
in sand derived from the dumped material near the Harbour Trust offices, where 
the sand has not yet achieved a state of equilibrium with the natural beach sands. 
The sample from below high water mark (No. 130) has progressed further towards 
equilibrium than the sample from above high water mark (No. 129). 

On the harbour floor there is less basaltic material, and the insoluble content, 
which is largely quartz, is correspondingly lower than for the harbo.ur beaches, 
averaging 6% to 8% (Fig. 12). In the harfaour beach sands, and even more notice- 




Fig. 12.—Diagram showing variation of the 
insoluble residue percentages of the Port¬ 
land Harbour floor sands (samples 301- 
325). (Smaller figures represent locations 
of samples; larger figures represent per¬ 


centages of insoluble residues.) 


ably in the harbour floor sands, there is a sharp increase in the insoluble content 
of the finer size fractions, particularly in the —200 mesh fraction, compared with 
the coarser size fractions. The insoluble content in the —200 mesh fraction is 
20% to 25%, which approximates the content of quartz in the central sections of 
Discovery Bay and Bridgewater Bay. 

Grain Size of Insoluble Material 

The percentages of insoluble material in the +52 fractions of the various sands 
(see Tables 33 to 39, Mineragraphic Report No. 622) emphasize the distinctive 
finer grain size of the harbour sands, where less than 5% of the +52 mesh 
fractions consist of insoluble minerals, as compared with 50% to 90% in the Dis¬ 
covery Bay and Bridgewater Bay sands. The Portland Bay sands show a clear 
transition both to east and west of the harbour area into coarser sands with a high 
insoluble content in the +52 mesh fractions. Only in the small amounts of the —200 
fractions of the harbour sands does the concentration of insoluble matter approxi¬ 
mate to the concentrations found in the sands occurring on the exposed beaches. 
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It is evident that if sand is drifting into the harbour area it is leaving most of 
its insoluble mineral matter behind. 

Colour of the Soluble Shelly Matter 

The sands of Discovery Bay, the exposed eastern section of Bridgewater Bay 
and the exposed eastern section of Portland Bay are white sands, whereas the 
95% acid soluble sands of Portland Harbour and the sheltered western portion of 
Portland Bay, also the equally acid soluble sands from the sheltered western end of 
Bridgewater Bay, are grey in colour, as noted by Coulson (1940, p. 320), and they 
have a pepper-and-salt appearance. This appearance arises principally from the 
presence of a high proportion of dark coloured shell fragments, which are largely 
lacking or of only minor significance in the white sands on the more exposed 
beaches. 

The colour difference is attributed to a change in the fauna supplying shelly 
detritus. The distribution of the fauna appears to be related to sea bottom con¬ 
ditions, organisms developing darker coloured shells being concentrated in the 
relatively sheltered waters and on adjacent rocky sections of the coast. 

The significance of such colour variations is in proving that a great deal of 
the sand in Portland Harbour has originated on the harbour floor, and has not 
drifted in from a distance. 

Heavy Mineral Analyses 

Since the second stage, of the investigations of sand movement along the Portland 
coast concerned the addition of distinctive marker minerals to the beach and harbour 
floor sands, and the recognition of these in minute proportions, it was necessary to 
study in detail the minerals present even as traces in the various sands. Apart from 
ubiquitous quartz and a little felspar in places, the sands contain 42 other mineral 
species, most of which occur in very minor amounts and belong to the group of 
heavy minerals with densities in excess of that of heavy liquid (bromoform having 
a specific gravity of 2 86). In view of their sparsity in the sands, these heavy 
minerals are treated herein as natural tracer minerals. 

Tests on the various sizing fractions of typical sands revealed that the grain 
size of these heavy minerals is such that they are concentrated in the —52 fractions, 
and only negligible amounts occur in the +52 fractions, with the exception of one 
or two sands sampled close to basaltic cliffs. It was found, however, that the acid 
treatment of the +52 mesh fractions released a small proportion of —52 mesh sand 
originally cemented to shell fragments, and this included some heavy mineral grains. 
Accordingly, the acid insoluble residues of the +52 mesh fractions of each sand 
subsequently treated were bulked and sieved on a 52 mesh screen. The grains 
passing through were added to the —52 fractions, and the heavy minerals extracted 
from the composite —52 mesh product, ignoring coarser fractions. 

The weight of heavy mineral concentrate obtained from bromoform treatment 
was calculated as a percentage of the total —52 mesh fraction. This percentage 
constitutes the heavy mineral index number recorded for each of the sampled sands 
(Figs. 13 and 14). The range and average values of the index numbers are shown 
in Table 3. 

Magnetic Minerals 

Magnetic minerals, consisting mainly of magnetite, were detected in the heavy 
mineral concentrates with an Alnico hand magnet, prior to mounting for examina¬ 
tion under the microscope. 
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Fig. 13.—Diagram showing variation of the 
heavy mineral ( — 52 B.S.S.) index numbers 
of the Portland Harbour floor sands (samples 
301-325). (Smaller figures represent loca¬ 
tions of samples; larger figures represent 
index numbers.) 

They occur as rare to occasional grains in the high water mark and foot of dune 
sands from Discovery Bay, and are somewhat more frequent in low water mark 
sands. They tend to increase in amount west of the Glenelg River (sample No. 46) 
and in Descartes Bay close to the basalts of Cape Bridgewater (sample Nos. 1, 3, 
5 and 6). 

Table 3 


Ranges and Average Values of Index Numbers of — 52 (B.S.S.) Fractions of the 
Several Groups of the Portland Sands 


Group 

Number 

Location 

Sample 

Numbers 

Range of 
Index Numbers 

Average 
Index Numbers 

1 

Discovery Bay Low Water 

Mark Sands 

1-46 

0-003-0-50 

0-07 

2 

Discovery Bay High Water 
Mark Sands 

2-43 

0-02-0-45 

0-13 

3 

Discovery Bay Foot of Dunes 
Sands 

5-44 

001-0-23 

0-05 

4 

Bridgewater Promontory 

Beach Sands 

200-208 

0-006-2-43 

0-44 

5 

Portland Bay Beach Sands 

101-122 

0-003-0-32 

0-05 

6 

Portland Harbour Beach 

Sands (Natural) 

123-128 

0-07-0-67 
(0-009-0-67 
including 
Sample Nos. 
103 & 104) 

0-24 
(0-15 
including 
Sample Nos. 
103 & 104) 

7 

Portland Harbour Beach 

Sands (Dumped Material) 

129-130 

5-9-16-5 

11-20 

8 

Portland Harbour Floor Sands 

301-325 

0-002-0 03 

0-01 
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GEORGE BAKER: 


The sands from the Bridgewater Promontory beaches contain only a few mag¬ 
netic grains. 

In Portland Bay, they show notable concentrations on the western sides of the 
mouths of the Fitzroy and Eumeralla Rivers, and at sampling station No. 128 on 
Portland Harbour beach they amount to a “flood”. A polished briquette of the 
heavy mineral concentrate from No. 128 reveals that the chief magnetic mineral 
present is maghemite (gamma-FeoOs), which can be matched in the cliff section 
nearby, and is thus of purely local origin. 

The harbour floor sands contain very few magnetic grains. 


A. BRIDGEWATER PROMONTORY g. PORTLAND HARBOUR 



D DISCOVERY BAY 



Fig. 14.—Graphs showing variation of the heavy mineral (—52 B.S.S.) index numbers 
of the Portland district beach and dune sands. 

A—Bridgewater Promontory beach sands (samples 200-208). 

B—Portland Harbour beach sands (samples 103, 104 and 123-128). 

C—Portland Bay beach sands (samples 101-122). 

D—Discovery Bay foot of dunes sands (samples 5-44), high water mark sands 
(samples 2-43), and low water mark sands (samples 1-46). 


























































































































169 


SAND DRIFT AT PORTLAND 
Heavy Mineral Assemblages 

The minerals present in the heavy concentrates were mounted in Canada balsam 
and identified under the petrological microscope. Then, using a minimum of 15 
fields of view, a grain count was made of the various mineral species present for 
each of the 109 sampled sands. Not less than 1000 grains were recorded for each 
sample, except where the total heavy mineral assemblage contained less than this 
number, when all the grains present were recorded. In assemblages containing a 
high concentration of opaque minerals the grain counts were increased to 1500 
to 1800 grains so that minor amounts of transparent heavy minerals should not 
be overlooked. 

The proportions of the various minerals present, expressed as percentages of 
the heavy mineral concentrate, together with the number of grains counted for each 
sample, are listed in Tables 41 to 48 of Mineragraphic Report No. 622. The average 
percentages for the several groups of samples are listed herein in Table 4. 

Table 4 


Average Percentage by Count Values of —52 (B.SS.) Mineral Species in the Hcavv 
Mineral Assemblages of the Portland Sands 


Mineral Species 

I 

0/ 

/o 

II 

o/ 

/o 

III 

% 

IV 

0/ 

/o 

V 

% 

VI 

0/ 

/o 

VII 

0/ 

/o 

Anatase 

01 

01 

0-1 

0-02 

0-03 

o 

0-05 

Andalusite 

0-8 

0-7 

0-6 

Pr. 

0-1 

Pr. 

0-08 

Augite 

1-5 

11 

0-7 

5-2 

24-9 

36-8 

55-4 

Brookite 

Pr. 

Pr. 

Pr. 

0 

Pr. 

0 

o 

Cassiterite 

0-2 

006 

0-08 

0 

0-05 

Pr. 

0-05 

Cyanite 

0-5 

0-2 

0-3 

0 

0-009 

0-05 

0-01 

Dolomite 

0 

0-006 

0-2 

0-04 

0-6 

0-05 

0 

Epidote 

2-4 

11 

1-2 

0-2 

0-4 

Pr. 

0-4 

Garnet 

1-8 

1-7 

1-7 

0-5 

0-4 

0-03 

0-19 

Hornblende .. 

2-9 

I • l 

1-3 

0-4 

0-6 

0-1 

1-0 

Hypersthene 

007 

0-05 

0-007 

Pr. 

0-01 

0 

0-03 

Iddingsite 

0-3 

0-03 

Pr. 

0-02 

0-5 

1 • 1 


Leucoxene .. 

4-8 

3-3 

3-0 

1-2 

1-9 

1-3 

0-7 

Monazite 

0-7 

0-8 

0-8 

0-2 

0-09 

Pr. 

0-03 

Olivine 

2-7 

1-4 

0-3 

53-1 

3-8 


2-5 

Opaque Minerals 

520 

56-1 

58-3 

28-4 

58-0 

54-7 

36-8 

Rutile 

3-3 

3-0 

3-6 

1-1 

0-8 

0-07 

0-3 

Sillimanite .. 

Pr. 

0-08 

0-07 

0-06 

0-005 

0 

0-1 

Spinel 

01 

0-2 

0-06 

0-03 

0-02 

0 

0 • 03 

Staurolite 

10 

0-8 

0-5 

0-1 

0-1 

0-05 

0-04 

Topaz 

0-3 

0-9 

0-5 

Pr. 

0-05 

0 

0-07 

Tourmaline .. 

43 

5-3 

3-6 

0-5 

0-7 

0-1 

0-4 

White Mica . . 

01 

0-05 

0 

0-07 

0-2 

0-1 

o-3 

Zircon 

18-6 

21-5 

22-7 

8-3 

6-7 

1 -0 

1 -3 

Zoisite 

1-4 

0-3 

0-3 

0 

0-1 

0-05 

0-1 

INDEX NUMBER 

0-07 

0-13 

0-05 

0-44 

0-05 

0-24 

0-01 


(Pr. = present in minute amounts) 

I — Discovery Bay low water mark sands. 

II — Discovery Bay high water mark sands. 

III — Discovery Bay foot of dunes sands. 

IV — Bridgewater Promontory beach sands. 

V — Portland Bay beach sands. 

VI — Portland Harbour beach sands. 

VII — Portland Harbour floor sands. 
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GEORGE BAKER: 

The heavy minerals found in the sands fall broadly into two distinct groups of 
very different origin, namely; 

(1) Basaltic minerals—olivine, augite and iddingsite, which are notably angular 
and are derived from local sources—the basalts and tuffs exposed in the 
cliffs of Bridgewater Promontory; and 

(2) Granitic and metamorphic etc. minerals — anatase, andalusite, brookite, 
cassiterite, cyanite, epidote, garnet, hornblende, monazite, rutile, sillimanite, 
spinel, staurolite, topaz, tourmaline white mica, zircon and zoisite, which 
are mostly well-rounded and are derived from distant sources—granitic, 
metamorphic and sedimentary rocks not exposed in the cliffs or in the 
immediate environment, though outcropping upstream in the valley of the 
Glenelg River and tributaries. 

Some other minerals, like the opaque minerals, though abundant, could be 
derived from either of these sources, while the dolomite present is authigenic. 

This grouping makes it possible to trace the spread of minerals shed from the 
basalts and tuffs of Bridgewater Promontory, and also to obtain some measure of 
the contribution of distant source rocks to the sands. 

The opaque minerals comprise the greater part of nearly every concentrate 
other than those from the Bridgewater Promontory, where olivine is dominant, 
and the harbour floor samples, where augite predominates. Polished briquettes of 
selected concentrates show that the opaque minerals comprise ilmenite, maghemite, 
limonite and ferriferous rutile, with hematite rare. Associated with them are vary¬ 
ing proportions of slag and rusted iron scale, and wherever the percentage of 
opaque minerals rises to over 70% of the heavy mineral concentrates this is due to 
an influx of heavy slag. Since the opaque minerals are partly of basaltic origin, 
partly of granitic and metamorphic origin, and partly due to artificial contamination 
by shipping activities, they have little bearing on the problem in hand and so have 
been grouped together in all of the grain counts. 

Augite occurs characteristically as pale violet to grey angular fragments show¬ 
ing little sign of rounding. Its greatest concentration is in the harbour floor samples, 
where it comprises 50% to 65% of the total heavy minerals, and along the western 
part of Portland Bay where basaltic rocks are exposed in the sea cliffs. Here the 
augite comprises up to 48% of the heavy minerals. It is also a major constituent 
of the sands derived from material dumped on the shore adjacent to the Harbour 
Trust offices. Some of the augite grains in the Discovery Bay sands and in the 
sands from the eastern end of Portland Bay are pale green and somewhat rounded. 
They are probably not derived from the local basaltic rocks. The proportion of this 
green augite increases relative to the amount of pale violet augite derived from the 
basalts, in a north-westerly direction along Discovery Bay beach. The total amount 
of augite, however, is very small. 

Olivine is present in the harbour beaches and harbour floor sands, but generally 
as a minor constituent only, the ratio of augite/olivine being from 10: 1 up to 60: 1. 
Close to exposed basalt, as in Descartes Bay, the proportion of olivine is much 
greater, with ratios of augite/olivine of 1: 5, and on the Bridgewater Promontory 
beaches olivine constitutes 50% to 80% of the heavy minerals. The restriction of 
olivine in any abundance to the immediate vicinity of its source rocks probably 
arises from its chemical instability compared to augite, combined with its brittleness. 
A proportion of the olivine grains show partial alteration to serpentine. Occasionally 
both the olivine and augite occur embedded in volcanic glass, in the heavy mineral 
concentrates. 
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Zircon is the most abundant of the granitic minerals in the heavy mineral 
assemblages, being present also in all but two samples, these being No. 123, which 
contains 97 6% augite, olivine and opaque minerals, and No. 206 which contains 
92% olivine. By contrast, the zircon forms upwards of 35% of the total heavy 
minerals in some of the Discovery Bay sands. The majority of the zircon grains are 
well rounded. Most are clear and colourless, a few are pale yellow, while pink and 
greenish-blue grains are rare. Some are fluorescent under a Mineralight. 

Tourmaline is next in abundance to zircon among the granitic-metamorphic 
group of heavy minerals, and is present in all but the three samples Nos. 123, 125 
and 206. It forms exceptionally well-rounded grains like some of the zircon, and 
has likewise probably survived more than one cycle of erosion. Brown varieties 
predominate, but there are yellow, green and blue grains as well, none of which 
are characteristic of any particular sand. As observed from Table 4, the tourmaline, 
like zircon and rutile and others of the granitic-metamorphic group, constitutes a 
distinctly greater proportion of the heavy mineral assemblages in the Discovery Bay 
sands than elsewhere, pointing to the Glenelg River as a possible source of supply. 
Most of these minerals are known to occur in rocks outcropping in the Casterton 
district 30 miles east-north-east of the Glenelg River mouth, and within its drainage 
area (Wells, 1956). 

Garnet is uniformly present as rounded and sometimes sub-spherical pink to 
reddish-brown grains. Along Discovery Bay it rises to 3 5% of the total heavy 
minerals, but elsewhere is generally less than 1%. 

Rutile constitutes less than 0 5% of the heavy minerals in the harbour beach 
and harbour floor sands but rises to as much as 3% on the eastern Portland Bay 
beaches. In the Discovery Bay sands it comprises 3% to 5% of the heavy minerals, 
and in the Bridgewater Promontory sands up to 2 5%. 

Anatase and brookite are only sparingly represented in some assemblages, being 
absent from others. Hornblende occurs as green, greenish-blue and brownish-green 
varieties, accompanied by a little pale green to colourless actinolite. It is generally 
more common in the heavy minerals from the Discovery Bay sands than elsewhere. 
Andalusite comprises up to 2 5% of the total heavy minerals in Discovery Bay 
sands, but elsewhere makes up only 01% to 0 2%. Monazite, though present in 
three-quarters of the samples, is very sparse in the harbour beach and harbour floor 
sands. It has its maximum development along Discovery Bay and shows a distinct 
increase on the eastern compared with the western Portland Bay beaches. Staurolite 
shows a similar distribution, while cassiterite, cyanite, sillimanite, spinel and topaz 
show somewhat comparable trends in distribution to that of the monazite. 

White mica, on the other hand, has its strongest development in the harbour 
floor and harbour beach sands; elsewhere it occurs only sporadically and is wanting 
from the foot of dune sands along Discovery Bay. 

Other minerals observed in the heavy mineral assemblages, but in too few 
grains to be recorded in the statistical counts, are corundum in samples Nos. 11. 
16, 17, 35, 40 and 308, sphene in sample No. 110 and biotite in sample No. 103. 

Grain Size Variation 

Two points emerge concerning the grain size of the heavy minerals: 

(a) As with the sands generally, the heavy minerals in the harbour beach and har¬ 
bour floor sands are decidedly finer-grained than the heavy minerals in sands 
from Discovery Bay, Bridgewater Bay and the eastern beaches of Portland Bay. 
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(b) The detrital olivine was mainly much coarser-grained originally than the 
granitic-metamorphic group of heavy minerals, and probably coarser than the 
augite. This is revealed in sand such as that from Descartes Bay, in which the 
-f52 mesh fractions, in addition to the —52 mesh fractions, contain significant 
amounts of heavy minerals. Comparison of the two fractions in this sand 
(Table 49, Min. Rept. 622) reveal that (a) the +52 mesh fraction contains 
about four times the weight of heavy minerals in the —52 mesh fractions; 
(b) that olivine comprises more than 85% of the +52 mesh fraction compared 
with only 36% of the —52 mesh fraction; and (c) that most of the granitic- 
metamorphic group of heavy minerals are restricted to the —52 mesh fraction. 
The original coarseness of the olivine grains near to the source in the basaltic 
rocks emphasizes the rapidity with which it disappears from the beaches. 

Relative Distribution of Basaltic and Granitic-metamorphic Group Heavy 
Minerals 

The averages of the mineral compositions of the heavy concentrates from the 
several groups of sands, shown in Table 4, reveal that the heavy minerals of the 
granitic-metamorphic group predominate in the Discovery Bay sands, while basaltic 
minerals predominate in the Bridgewater Promontory sands (chiefly olivine) and 
in the Portland Harbour sands (chiefly augite). As shown by Table 5, basaltic 
minerals predominate in the Portland Bay sands west of the Surrey River mouth, 
but the granitic-metamorphic group of minerals assumes equal or greater abundance 
than the basaltic minerals in the section east of the Surrey River mouth. 

The antipathetic relationships of the basaltic minerals and the granitic-meta¬ 
morphic group, and the distances that the basaltic minerals have migrated from 
points of origin, are shown in Figs. 15, 17 and 18. 

Although the basaltic minerals have migrated north-westwards for some 26 
miles along Discovery Bay, the volume has been very small (Fig. 15B). 

The extent of migration along Portland Bay (Fig. 15A) is less easily deter¬ 
mined, because basalts outcrop along the cliffs as far as Dutton Way, and each of 
the several rivers entering the bay must contribute a quota of basaltic detritus to 
the sands. However, basaltic minerals have been traced to, and probably extend 
considerably beyond, the mouth of the Eumeralla River, in markedly greater volume 
than along Discovery Bay. This would indicate that there has been a stronger 
movement of sands eastwards than westwards. 

Since the data represented in Figs. 15, 17A and 18A do not reveal whether the 
decline in the percentage of the granitic-metamorphic group minerals is relative 
or absolute in the presence of abundant basaltic minerals, the weight percentages in 
the various sands of (i) zircon and (ii) total granitic-metamorphic group heavy 
minerals have been calculated. The weight percentages were obtained by multiply¬ 
ing the percentage of these minerals in the various heavy mineral concentrates by 
their respective index numbers. The products, multipled by 100, are shown in 
Figs. 16, 17B and 18B. 

These diagrams reveal that for Discovery Bay (Fig. 16B) the granitic-meta¬ 
morphic heavy minerals average about 0 01% by weight of the sand over the 
greater length of the beach, increasing in amount sharply to the west of the Glenelg 
River mouth, and increasing or maintaining their volume in Descartes Bay, so that 
here the “flood” of basaltic heavy minerals merely masks a normal volume of 
granitic-metamorphic heavy minerals. 
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Comparison of Range and Average Percentage by Count Values of —52 (B.SS.) Mineral 
Species in the Heavy Mineral Assemblages of Portland Harbour Beach Sands and Eastern 

Portland Bay Beach Sands 


Mineral Species 

Portland Harbour Beach 
Sands W. & S.W. of Surrey 
River (Samples 103-110 
and 123-128) 

Portland Bay Beach Sands 

E. of Surrey River 
(Samples 111-122) 

Range 

0/ 

/o 

Average 

% 

Range 

0/ 

/o 

Average 

% 

Anatase 

Pr. 

_ 

0-0-3 

0-05 

Andalusite 

Pr. 

— 

0-0-6 

0-2 

Augite 

11-8-47-7 

36-8 

4-1-33-6 

16-4 

Brookite 

0 

0 

Pr. 

— 

Cassiterite. 

0-01 

0-007 

0-0-5 

0-09 

Cyanite 

0-0-3 

0-02 

0-0-1 

0-008 

Dolomite 

0-0-3 

0-02 

0-12-7 

1-0 

Epidote 

0-01 

0-007 

0-3-1-6 

0-7 

Garnet 

0-0-2 

0-03 

Pr.-l • 8 

0-7 

Hornblende .. 

01-0-6 

0-2 

0-2-1-6 

0-8 

Hypersthene .. 

0-01 

0-007 

Pr. 

— 

Iddingsite 

0-3 0 

1-0 

0-0-5 

0-2 

Leucoxene 

0-3-1-8 

1-2 

10-50 . 

2-4 

Monazite 

Pr. 

— 

0-0-5 

0-2 

Olivine 

0-2-12-2 

2-5 

1 1-15-2 

5-3 

Opaque Minerals 

47 1-80-0 

65-8 

43-1-74-3 

58-8 

Rutile 

0-0-8 

0-2 

0 • 2-3•4 

1-2 

Sillimanite 

Pr. 

— 

0-01 

0-007 

Spinel .. 

0 

0 

0-0-2 

0-03 

Staurolite 

0-0-3 

0-03 

0-0-5 

0-2 

Topaz . . 

0-0 1 

0-01 

0-0-5 

0-04 

Tourmaline .. 

0-0-4 

0-2 

0-3-21 

1-0 

White Mica .. 

0-0-4 

0-2 

0-0-4 

0-09 

Zircon 

0-3-8 

1-7 

0-9-31-7 

10-4 

Zoisite 

0-0-3 

0-02 

0-0-5 

0-2 

INDEX NUMBER .. 

0-006-0-67 

0-09 

0-003-0-23 

0-06 


(Pr. = Presenl in minute amounts only) 


By contrast, in Portland Bay (Fig. 16A) there is a real reduction in the volume 
of granitic-metamorphic heavy minerals to almost insignificant amounts west of 
the Fitzroy River—i.e., in the harbour area proper—whereas east of the Fitzroy 
River these heavy minerals are about twice as abundant as along Discovery Bay. 
At the south-west end of Portland Bay, where Bridgewater Promontory occurs, the 
proportion of granitic-metamorphic heavy minerals increases again and, as can be 
seen from Fig. 17A, B, a parallel relationship has developed for the Bridgewater 
Promontory beaches. Here, in the exposed eastern beaches, the total weight of 
granitic-metamorphic heavy minerals is about the same as along Discovery Bay, 
but tends to be masked by a “flood” of basaltic heavy minerals. At the sheltered 
western end of Bridgewater Bay, however, there is an absolute reduction in the 
volume of granitic-metamorphic heavy minerals. 
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-Portland Bay beach sands (samples 101-122). 
-Discovery Bay low water mark sands (samples 1-46). 
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Fig. 16.—Graphs comparing the calculated weight percentage values (X 100) of the —52 (B.S.S.) zircon fraction with 
those of the —52 (B.S.S.) zircon plus other granitic and metamorphic heavy mineral content. 

A—Portland Bay beach sands (samples 101-122). B—Discovery Bay low water mark sands (samples 1-46). 
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ICAll Of '111 

Fig. 19.—Diagram showing small variations 
of the percentage by count values of the —52 
(B.S.S.) basaltic heavy minerals (augite 
and olivine) in the Portland Harbour floor 
sands (samples 301-325). (Smaller figures 
represent locations of samples; larger figures 
represent percentage by count values). 
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Fig. 20. —Diagram showing small variations 
of the percentage by count values of the —52 
(B.S.S.) granitic and metamorphic heavy 
minerals in the Portland Harbour floor sands 
(samples 301-325). (Smaller figures repre¬ 
sent locations of samples; larger figures 
represent percentage by count values). 



Fig. 21.—Diagram showing small variations 
of the calculated weight percentage values 
(X 100) of the —52 (B.S.S.) granitic and 
metamorphic heavy minerals in the Port¬ 
land Harbour floor sands (samples 301- 
325). (Smaller figures represent locations of 
samples; larger figures represent calculated 
weight percentages). 
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From place to place within the 2000 ft. diameter sampling area on the harbour 
floor there is little significant variation in amount of either (a) the basaltic heavy 
minerals (Fig. 19) or of the granitic-metamorphic heavy minerals (Fig. 20). No 
marked trends are revealed among these minor variations. The calculated weight 
percentages of the granitic-metamorphic heavy minerals (Fig. 21) reveal consider¬ 
ably smaller proportions of this group of minerals than elsewhere in the Portland 
sands. 

Mineral Ratios 

The significance of the variations in the total amounts of the granitic-meta¬ 
morphic heavy minerals present in the Portland sands becomes evident from a 
consideration of Tables 6 and 7. The relative abundances of the principal heavy 
minerals with respect to each other in the various sands have been expressed in 
Tables 6 and 7 as the ratios of their average percentages. These ratios reveal an 
interesting difference between the unstable basaltic heavy minerals and the highly 
stable granitic-metamorphic heavy minerals. The basaltic heavy minerals show 
extreme variation in their ratios (Table 6) because the supply is continually being 
renewed at some points, while destruction proceeds rapidly during transport. On 
the other hand, the granitic-metamorphic heavy minerals, being very stable, are 
capable of persisting through several cycles of erosion, transportation and sedi¬ 
mentation, and they show a relative constancy of ratios (Table 7), pointing to an 
established equilibrium. It is therefore deduced that weight of granitic-metamorphic 
heavy minerals in any given sand is an approximate measure of the total volume 
of minerals of all sorts of granitic-metamorphic origin in that sand. This finds 
confirmation in the general sympathetic variation of total insoluble material and 
granitic-metamorphic heavy mineral content in the various sands. 

The fact that the sands in the sheltered sections of the coastline—viz., the Port¬ 
land' Harbour area and the western end of Bridgewater Bay—show an absolute 
reduction in content of granitic-metamorphic heavy minerals compared with the 
sands from the more exposed beaches thus provides evidence that sand of granitic- 
metamorphic origin is not reaching these sheltered sections to the same degree as 
it is reaching the exposed sections. If the sand is migrating, then it is by-passing 
the sheltered areas in large measure. The distinctly finer grain size of the granitic- 
metamorphic heavy minerals and the low insoluble residues in these sheltered areas 
provide further confirmation of this conclusion. 

Light Fraction Analyses 

The fractions of the insoluble residues that floated in bromoform of sp. gr. 2 86 
were examined microscopically as to composition, degree of rounding and extent of 
polishing. The light fractions are composed of mineral grains, insoluble organic 
matter and artificial substances. 

Minerals 

Quartz grains form the bulk of the light insoluble fractions in each size fraction. 
Much of the quartz is colourless and crystal clear, and is evidently derived from 
granitic and metamorphic rocks. Some is milky or white vein quartz, and there are 
small proportions of citrine, rose quartz and pale bluish coloured quartz. The coarser 
grains (+52 mesh) are usually much better rounded than the finer grains (—52 
mesh) which are sub-rounded to sub-angular. A small proportion of the finer 
grains (—200 mesh) are sharply angular and often have conchoidal fracture sur- 
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faces indicating relatively recent fracture. It is likely that the bulk of the quartz 
originated as grains coarser than +52 mesh, and that most of the finer grains owe 
their sub-rounded to sub-angular shape to fracturing of larger grains during trans¬ 
port. Many of the grains have frosted surfaces, others are well polished. Polished 
grains are most common in the Bridgewater Promontory and Discovery Bay sands. 

Occasional grains of felspar (largely of basaltic origin), small clay pellets 
(mostly representing kaolinized felspar), rare flakes of muscovite, and occasional 
fragments of chert, flint, quartzite, reddish jasper and chalcedony also form a small 
proportion of the light mineral fraction. 

A few r granules of fresh and weathered glauconite and occasional casts after 
foraminifera are also encountered in some of the light mineral fractions. The 
glauconite is of authigenic origin. 

Weathered fragments of basalt and fragments of fresher felspar-rich basalt occur 
among the light minerals in the Bridgewater Promontory beach sands and in some 
of the sands from the harbour area. 

Organic Substances 

The light insoluble fractions contain subordinate amounts of the spicules of 
silicisponges, chitin from horny sponges and crustacean carapaces, acid-resistant 
shells of certain foraminifera, a few coprolites, fragments of a soft marine fat or 
wax (adipocere), seaweed, capsules of terrestrial seeds and splinters of wood. These 
substances appear more commonly in the harbour floor sands than on the beaches. 

Artificial Substances 

The beaches and harbour floor sands are contaminated with a variety of small 
amounts of artificial substances which include slag, “slag-bombs”, “smoke-bombs”, 
boiler scale, rusted iron scale, glass fragments, electric light bulb fragments, chalky 
substances, plaster of Paris, charcoal, caulking pitch or bitumen, chips of coloured 
paint, brick-dust and fragments of cement. Small fragments of coal are also present 
on the harbour floor. 

Brown and colourless bottle glass occurs in many of the sands, particularly in 
the harbour beach sands, as angular to rounded fragments that are often frosted. 

Slag occurs in considerable concentrations in such places as Descartes Bay 
(samples Nos. 1 and 2) and several parts of Portland Bay. Sometimes it is suffi¬ 
ciently heavy to sink with the heavy minerals on bromoform separation. It occurs 
chiefly as angular, bubble-pitted fragments of various colours, and is sometimes 
vitreous, occasionally porcellanous. The “smoke-bombs” are clear yellowish-green 
to green and colourless sub-spherical glass bodies that form from the fly-ash in the 
funnels of coal-burning steamships and railway engines; they are represented in 
both the +52 and —52 mesh size fractions. “Slag-bombs” are similar but opaque 
and porcellanous; dark brown and black varieties are usually magnetic. 

These artificial contaminants are present in places in significant amounts. Thus 
in sample No. 106 from near the western end of Portland Bay 40% of the +52 mesh 
insoluble matter consisted of slag, while in No. 108 there was 8% of slag. The total 
insoluble matter in these sands was 92% and 6 6% respectively. 

Notable concentrations of slag in the coarser fractions of the sands along the 
eastern section of Portland Bay (samples Nos. Ill, 114, 121 and 123) indicate a 
tendency for it to be carried in from the south-west, by-passing the harbour area 
proper. A comparable drift of slag is also noted in Descartes Bay at the eastern 
end of Discovery Bay. 
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Thickness of Sand in Harbour 

The thickness of sand in the Portland Harbour area ranges from the merest 
veneer on a rock floor of basalt or limestone to a thickness of several feet. Data 
supplied by the Portland Harbour Trust Commission indicate that in the area of 
the proposed turning circle the sand cover is from 6 to 12 ft. thick, with a floor of 
clay and limestone beneath. 

Two observations are of interest in this connection. Firstly, it has been recorded 
that coarse boulders of basalt were recovered by divers working at the outer end 
of the long pier (Main or Deepwater Pier) in the harbour (Coulson, 1941, p. 399), 
and the highly basaltic nature of the material dredged from the Boat Harbour 
(samples Nos. 129 and 130) suggests proximity to basaltic rock bottom in this 
section of the harbour also. Secondly, one of the samples taken by grab from the 
harbour floor (sample No. 307) consisted of compact sandstone of coarser grain 
size than that of the harbour floor sands in the vicinity. A thin section of this 
sandstone revealed it to he micaceous arenite composed of sub-angular to sub¬ 
rounded quartz grains from 0 02 to 10 mm. across, cemented together by well 
defined quartz overgrowths, and a proportion of fine-grained sericitic matrix. In 
addition, there are occasional coarse flakes of muscovite and well-rounded grains 
of zircon, rutile, tourmaline, garnet and black oxide minerals, together with a few 
fragments of quartzite. The heavy minerals in the sandstone are distinctly coarser 
in grain size than those in the sands on the harbour floor. 

Movement of Marker Minerals 

Tracing the movement of the marker minerals added to the sea floor at two 
points and at low water mark on three well-separated beaches in the Portland 
district followed the detailed mineralogical examination of the beach and harbour 
floor sands, and constituted the second stage of littoral drift studies in this region. 

Marker Minerals 

The choice of marker minerals was limited by a variety of factors, namely: 

(1) In view of the relatively small tonnage of marker minerals that could be 
introduced at any given point, it was obvious that the marker mineral, as it migrated, 
would become widely dispersed through a vastly greater volume of sand. It was 
therefore necessary to select minerals with distinctive properties, so that they could 
be easily concentrated in a minimum of time, and be readily recognized even when 
present in the most minute amounts. 

(2) It was equally necessary to select minerals not already in the sands in 
minute quantities. This rendered essential the preliminary, very detailed study of 
the mineral composition of the sands along the 90 miles of coastline involved in 
the littoral drift studies (Min. Rept. 622). None of the 42 minerals found in the 
sands, nor any of the artificial products present in them, could be used. 

(3) It was necessary to select minerals that could be purchased readily in 
amounts of 5 to 20 tons in a fairly pure form, in a suitably finely divided state and 
at a reasonable cost. 

The minerals selected were: 

Pyrite —in the form of pyritic concentrates from the Norseman Mine, W.A., as 
supplied for the manufacture of sulphuric acid. Such pyrite is all —52 mesh and 
occurs as bright, brassy-yellow angular particles of specific gravity about 5. 

Red-pyrite-cinders —a residue product from the roasting of pyrite concentrates. 
It consists of red angular particles of magnetic iron oxide, with a specific gravity 
about 4. 
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Brown garnet (andraditc )—occurring as a major component of the gravity tail¬ 
ings from the ore of the King Island scheelite mine, in which it occurs as brown 
isotropic angular particles. It is readily distinguished from the pink to pale red 
garnet occurring in small quantities in the Portland sands, and has a specific gravity 
of 4, which distinguishes it, among other properties, from brown bottle glass in the 
sands. 

Red rutile —in the form of rutile concentrate produced from heavy beach sands 
at Stradbroke Island, Queensland. This rutile is a deep red colour, much coarser 
than and quite distinct from the paler pinkish and honey-yellow to brown rutile that 
occurs in the sands at Portland. It is well-rounded and has a specific gravity of 
about 4 5. 

Limits of Detection 

Each of these minerals is readily distinguished under the microscope from the 
naturally occurring minerals in the sands, and because of relatively high specific 
gravity values each is readily and quickly concentrated when sand containing it is 
treated on a Haultain Superpanner. 

Thus a test product prepared by adding 0 001 gm. of the pyrite concentrate to a 
50 gm. sample of the naturally occurring pyrite-free sand from Henty Beach, when 
treated on the Superpanner, yielded a “head” containing 625 grains of pyrite among 
the naturally present heavy minerals. 

625 grains of pyrite = 1 part of pyrite in 50,000 parts of sand, 

so that— 

1 grain of pyrite in the Superpanner head from 50 grams of sand = 1 part 

by weight of pyrite in 31,250,000 parts of sand (i.e., approximately 3 parts 

per 100,000,000). 

Some of the samples of sand tested while following the movement of the pyrite 
yielded Superpanner “heads” containing as few as' 2 grains of pyrite per 50 gram 
sample, equivalent to about 5 parts by weight of pyrite per 100,000,000 parts of sand. 

The other marker minerals could be detected when present in approximately the 
same minute amounts.* 

Testing Programme 

Five tests were made, using marker minerals, to trace the movements of sands: 

(A) Twenty tons of pyrite concentrates were dumped at low water mark at 
Descartes Bay at the eastern end of Discovery Bay on June 1st, 1955. 

(i) Samples were then taken at low water mark once a week at intervals 
of 100 yards north-west and south-east of the dumping site, new 
stations being established further from the dump as the pyrite pro¬ 
gressed along the beach. After a period of nine weeks, the distance 
between successive stations to the north-west was increased to quarter- 
mile intervals, and after twelve weeks to half-mile intervals. 

(ii) Samples were taken at monthly intervals at the most westerly beach 
in Bridgewater Bay, and at Shelly Beach in Bridgewater Bay. 

(iii) When the pyrite reached the south-eastern extremity of the beach, 
samples were taken at White’s Beach, three-quarters of a mile south¬ 
easterly from the dump. 

♦It is stressed that the Superpanner is not a precise instrument in that each run is subject 
to slight variations in control manipulation by the operator. 
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(B) Five tons of garnet-rich tailings from the King Island scheelite mill were 
dumped at low water mark on Narrawong Beach on June 6th, 1955. Samples 
were taken once a week at intervals of 100 yards east and west of the dump 
site, new stations being established as the garnet progressed along the beach. 

(C) Twenty tons of red-pyrite-cinders were dumped on the sea floor between 
Lawrence Rocks and Point Danger on June 21st, 1955. Samples were taken 
at low water mark at monthly intervals from the beaches at Nelson Bay, 
Grant Bay, Quarry Bay and Lady Bay. 

(D) Five tons of red rutile were dumped at low water mark at the sea wall midway 
between Railway Pier and Deepwater Pier on June 29th, 1955. Samples were 
taken at three- to four-day intervals from the sea floor at intervals of 250 
yards directly offshore from the dump, on a line normal to the strand-line. 
New stations were established as the rutile progressed seawards. Subsequently 
the sampling was reduced to weekly samples. 

(E) Ten tons of pyrite concentrates were dumped on the harbour floor at the 
point of intersection of the Main Breakwater reference line and a centre line 
on Julia Street, Portland, on July 4th, 1955. Samples were taken at first 
daily and later at three- to four-day intervals at stations spaced at intervals 
of 250 feet along the NW, NE, SW and SE compass bearings from the dump 
site. 

More than 200 samples were examined. Each was treated on a Haultain 
Superpanner to concentrate any marker mineral present along with the natural 
heavy mineral content. The Superpanner “head” concentrate was then examined 
under a binocular microscope at a magnification of 72, for the presence of marker 
minerals. 

Pyrite in Discovery Bay 

The pyrite dumped on Discovery Bay beach near the southern end of Descartes 
Bay migrated along the coast both to the north-west and to the south-east (Fig. 22). 

North-zvesterly movement. The progress of the pyrite in a north-westerly direc¬ 
tion is shown in Fig. 23. When the testing was stopped after a period of 97 days, 
the pyrite had reached a station four miles north-west of the dumping site. As can 
be seen from Fig. 23, it had moved at a fairly steady rate of about one mile in 25 
days, or 70 yards a day. The concentration of pyrite detected at any one sampling 
station did not exceed 1 part in 830,000 parts of sand, and the concentration at the 
four-mile station was 1 in 7,500,000.* 

South-easterly movement. The movement of the pyrite in a south-easterly 
direction was initially much slower. It took 17 days to move 200 yards from the 
dump, and 42 days to move 500 yards—an average rate of 12 yards a day, about 
one-sixth of the speed of movement to the north-west. 

Beyond this point it entered on the rocky coastline of the Bridgewater Promon¬ 
tory, and its rate of movement rose sharply. Fifty-six days after dumping it was 
detected on White’s Beach, the most south-easterly patch of sand on the western 
side of the Promontory and three-quarters of a mile from the dumping site; in a 
sample taken at this beach 59 days after the dumping, it was present in the concen¬ 
tration of 1 part in 50,000. This was the overall concentration in a 5,000-gram 

<• 

*A11 concentration figures are based on the number of grains of pyrite observed by micro¬ 
scopical examination of the Superpanner “head” from a 50-gram sample of the — 52 mesh 
fraction of the sand in each sample. 
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Fig. 23.—Graph showing the distance (in yards) and the time (in days) of 
north-westerly drift of pyrite along Discovery Bay beach. 




































































SAND DRIFT AT PORTLAND 


187 


sample representing all fractions of the relatively coarse sand occurring at this 
locality, and was the highest concentration of marker mineral observed at any 
sampling station. It is evident that the rate of movement of the pyrite had increased 
significantly after leaving the sandy section of Descartes Bay, and that it had 
accelerated from 12 yards a day to not less tl^an 60 yards a day. In fact, it had moved 
considerably faster than this, and had p&^sed the end of Cape Bridgewater before 
it was detected at White’s Beach. 

The first monthly samples taken at Bridgewater Bay and Shelly Beach, 31 days 
after the dumping, failed to yield any trace of pyrite, but the first sample taken at 
Nelson Bay 50 days after the pyrite had been dumped on Discovery Bay beach 
revealed a concentration of pyrite of 1 part in 7,500,000. The Nelson Bay sampling 
station was established primarily to test the movement of red-pyrite-cinders from 
near Lawrence Rocks, and the first sample was taken there a month after the 
red-pyrite-cinders were dumped. The second series of monthly samples in Bridge- 
water Bay and at Shelly Beach, taken 64 days after the dumping of the pyrite, both 
revealed pyrite. In Bridgewater Bay beach sand, it w'as present in the proportion 
of 1 part in 10,000,000, and at Shelly Beach in the proportion of 1 part in 4,000,000. 
At the third sampling, after 89 days, the concentration in Bridgewater Bay had 
increased to 1 part in 2,500,000 and at Shelly Beach to 1 part in 2,000,000. 

At Nelson Bay the concentration showed no change at 81 days after dumping, 
but had increased to 1 part in 4,500,000 after 92 days. 

On the evidence, this accelerated movement developed after the 42nd day of 
the test, and in the following eight or nine days the pyrite travelled about 18 miles 
(sea distance) ; that is, at a rate of not less than two miles per day. After turning 
Cape Bridgewater, it showed a tendency to partly by-pass Bridgewater Bay proper, 
and headed north-eastwards for Shelly Beach and Nelson Bay. It is probable that 
it moved more rapidly when travelling eastwards or north-eastwards after rounding 
Cape Bridgewater than when moving southwards from Descartes Bay to Cape 
Bridgewater. 

The pyrite continued to move rapidly eastwards and north-eastwards, and was 
detected in the sands of Grant Bay, three-quarters of a mile south-west of Point 
Danger (see Fig. 22) in a concentration of 1 part in 15,500,000 for the first time 
in a sample taken 125 days after it had been dumped on Discovery Bay beach. 

Prior to this, however, it had reached the beaches on the eastern side of 
Portland Bay, a distance by sea of some 42 miles from the original dump. A series 
of samples taken between the mouths of the Fitzroy and Eumeralla Rivers, to test 
the possible drift of red-pyrite-cinders in this direction, revealed that this substance, 
as well as the pyrite. had reached this section of the coast. The samples were taken 
105 days after initial dumping of the pyrite on Discovery Bay beach. The average 
concentration in six samples taken at low tide mark at two-mile intervals along the 
eastern coast of Portland Bay was 1 part in 4,500,000. 

Concurrent tests on samples from pocket beaches on the western side of Portland 
Bay revealed no trace of the red-pyrite-cinders from Lawrence Rocks, and only a 
sporadic grain or two of pyrite, equivalent to concentrations of the order of 1 part 
per 100,000,000 (one particle of pyrite obtained from 150 grams of sand). 

It is thus evident that the bulk of the pyrite by-passed Portland Harbour, and 
to a lesser extent by-passed Bridgewater Bay and Grant Bay, as it moved eastwards 
and north-eastwards from Cape Bridgewater. It travelled about 42 miles (sea 
distance) in not more than 105 days, and if allowance is made for the slow start 
of 500 yards in 42 days, then it moved the 42 miles in not more than 63 days, giving 

N 
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a minimum average speed of one mile in 1.5 days. Such figures are very approxi¬ 
mate, but they are helpful in comparing behaviour of the marker minerals at the 
several testing sites. 

Red-pyrite-cinders from Lawrence Rocks Area 

The movement of the red-pyrite-cinders from the dump on the sea floor between 
Lawrence Rocks and Point Danger is shown in Fig. 22. 

Sampling stations were established at Nelson Bay, Grant Bay (between Cape 
Grant and Point Danger), Quarry Bay and Lady Bay in the expectation that the 
red-pyrite-cinders would migrate westwards, north-westwards or northwards, but 
successive samples at each of these sites failed to yield any trace of the red-pyrite- 
cinders. However, when pyrite was detected in samples from Bridgewater Bay, 
Shelly Beach and Nelson Bay it was concluded that the red-pyrite-cinders were 
most probably moving eastwards. 

Accordingly, it was arranged that samples should be taken along the eastern 
side of Portland Bay, between the mouths of the Fitzroy and Eumeralla Rivers, at 
original sampling stations 116, 117, 118, 119, 120 and 122, where the sands had been 
examined during stage I of the littoral drift investigations (Mineragraphic Report 
No. 622, Fig. 1). These samples were taken 82 days after the dumping of the 
red-pyrite-cinders, and each sample yielded a few distinctive grains of the magnetic 
red-pyrite-cinders, together with a few grains of pyrite, the two being present in 
about the same proportions in each sand sample. The sample from station 122, east 
of the Eumeralla River mouth, contained fewer grains of both red-pyrite-cinders 
and pyrite than the others. 

Since no trace of the red-pyrite-cinders has been found in the harbour floor 
sands, and none in the beach sands from the western side of the harbour, it is 
evident that the movement of the red-pyrite-cinders has been essentially north¬ 
eastwards across the mouth of Portland Bay, and not into the Bay. It moved 20 
miles north-eastwards with a minimum average rate of movement of one mile in 
four days. In all probability the rate of movement was considerably faster, since 
the Discovery Bay pyrite travelled 42 miles in 105 days or less (possibly even less 
than 63 days) to reach the same beach section. 

Garnet (Andradite) on Narrawong Beach 

In sharp contrast to the pyrite at Discovery Bay and the red-pyrite-cinders at 
Lawrence Rocks, the garnet (andradite) dumped in the form of tailings from the 
King Island scheelite mine on to the site at Narrawong Beach (Fig. 22) moved 
extremely slowly both eastwards and westwards from the dump. The progress in 
each direction is shown in Fig. 24, from which it is evident that over a period of 92 
days the garnet migrated 400 yards to the west at a rate of about four yards per day, 
and 600 yards to the east at a rate of about six yards per day. For the first 30 days 
of the test the rate of movement was slower, and approximately equal in both 
directions. The concentration of the garnet was low, never exceeding 1 part in 
4,000,000. 

Ninety-five days after the dumping a sample was taken from the sea floor 250 
yards south of the dumping site, to check on the possibility of seaward migration, 
but no brown garnet was detected in this sample. 

Rutile at the Sea Wall, between the Piers 

Beach level at the short section of sea wall between Deepwater Pier and Railway 
Pier in Portland Harbour rises and falls irregularly, with a tendency to fall during 
the winter and rise in the summer. To test the extent of movement of the sand 
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Fig. 25.—Sketch map of Portland Harbour showing directions, distances (in feet) and 
times (in days) of (1) the seaward drift of rutile from the sea wall between Railway 
Pier and Deepwater Pier, and (2) the drift of pyrite over the harbour floor from the 
dump at the point of intersection of the Main Breakwater reference line and a centre 
line on Julia Street and Railway Pier, Portland. 
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out on to the harbour floor when beach level was reduced, a dump of rutile was 
established at this point (Fig, 25). Its movement has been very slow. Rutile first 
appeared on the sea floor at the sampling station 250 yards east (directly offshore) 
from the dump site in the eleventh sample taken at this point, 26 days after dumping. 
The concentration of rutile in this sample was 1 part in 7,500,000; in the twelfth 
sample, taken at this station three days later, the concentration of the rutile had 
increased slightly. After a period of 127 days, the rutile had not appeared at the 
500-yard sampling station, nor at the 750-vard sampling station, but a small amount 
(1 part in 10 million) was present at the 500-yard station 146 days after dumping, 
and a lesser amount (1 part in 15 million) at the 750-yard station. 

A check for lateral movement of the rutile, made 32 days after the dump was 
established, revealed a concentration of 1 part in 300,000 on the dump site, 1 part 
in 1,500,000 at a point 100 yards south of the dump, and 1 part in 3,000,000 at a 
point 100 yards north of the dump. Samples taken at various points along the 
harbour beaches north, south and south-west of the rutile dump, at sites A, H, K, 
R and W of Fig. 25, five days later (i.e., 37 days after dumping) failed to reveal 
any trace of the rutile. 

At this time (August 3rd) it was reported by Portland Harbour Trust officers 
that the thickness of the sand at the sea wall was 3 ft. greater than was normal for 
this time of the year. This accords with the slight seaward movement of the rutile, 
and accounts for its maintained concentration in and around the original dumping 
site. 

Pyrite at the Breakzmter Site 

Pyrite was used as a marker mineral on the harbour floor as well as on the 
beach in Discovery Bay, on the assumption that if the two tests were made more 
or less simultaneously there would be no interference from one test to the other 
during the period of the testing campaign. As indicated above, no interference 
occurred, although the Discovery Bay pyrite moved eastwards more rapidly than 
was expected. 

The pyrite was dumped at the point of intersection of the Main Breakwater 
reference line and a centre line on Julia Street, Portland (Fig. 25). Test samples 
were taken at first daily and later at three- to four-day intervals, at sampling stations 
spaced 250 ft. apart along the NW, NE, SW and SE compass bearings from the 
pyrite dump. The depth of water at the site was 40 ft. 

Movement of the pyrite across the harbour floor, together with the time in days 
taken to travel the various distances in the several directions, are shown in Fig. 25. 

The pyrite moved 250 ft. SW and 250 ft. SE in one day after dumping, but 
took eleven days to move a similar distance NW and NE. Thereafter it spread 
at a fairly uniform rate, but favouring the southerly directions. After 31 days it 
had reached stations 2000 SW, 2000 SE, 1500 NW and 1500 NE, equivalent to an 
average rate of movement of 65 ft. per day to the SW and SE, and of 45 ft. per 
day to the NW and NE. 

Movement onshore in the westerly direction was much faster. After 24 days, 
pyrite appeared at the rutile dump stations, having travelled 4200 ft. westwards in 
24 days, while the rutile had travelled only 750 ft. eastwards in 26 days. The 
average onshore (westward) rate of movement of the pyrite was thus 175 ft. per 
day, in contrast to an offshore movement of the rutile of 30 ft. per day. 

As a check, 30 to 31 days after the pyrite was dumped on the harbour floor the 
harbour beaches were sampled at five stations (A, H, K, R and W) shown in 
Fig. 25, and pyrite was found at all five in the proportions shown in Table 8. 
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Table 8 

Approximate Proportions of Pyrite on First Appearance at various Sampling Stations in 
Portland Harbour, and Time (in days) taken to reach Sampling Stations 


Parts by weight per 100,000,000 


from 

Dump 

NW 

NE 

SW 

SE 

A 

H 

K 

R 

W 

R.D. 

N 

E 

250' 

pr. 

(11) 

pr. 

(11) 

12 

(1) 

12 

(1) 

— 

— 

— 

— 

— 

— 

— 

— 

500' 

42 

(11) 

21 

(17) 

pr. 

(11) 

pr. 

(11) 









750' 

350 

(24) 

650 

(24) 

6 

(17) 

45 

(17) 









1000' 

— 

— 

— 

18 

(17) 

— 

— 

— 

— 

— 

— 

— 

— 

1500' 

550 

(31) 

120 

(31) 

42 

(24) 

1350 

(27) 

— 

—* 

— 

— 

— 

— 

— 

— . 

2000' 

— 

— 

90 

(30) 

350 

(31) 









2600' 

— 

— 

— 

— 

— 

— 

— 

6 

(31) 

— 

— 

— 

— 

2700' 

— 

— 

— 

— 

— 

— 

— 

— 

3 

(31) 

— 

— 

— 

3050' 

— 

— 

— 

— 

18 

(30) 

— 

— 

— 

— 

— 

— 

— 

3750' 

— 

— 

— 

— 

— 

— 

27 

(30) 

— 

— 

— 

— 

— 

4000' 

— 

0 

(43) 

— 

90 

(43) 

— 

— 

— 

— 

— 

— 

24 

(43) 

0 

(43) 

4200' 

— 

— 

— 

— 

— 

— 

— 

— 

— 

12 

(24) 

“ 

— 

5100' 

— 

— 

— 

— 

— 

54 

(31) 

— 

— 

— 

— 

— 

— 


(Figures in parentheses indicate number of days to first appearance of pyrite 
at sampling stations) 

Key: 

NW, NE, SW, SE, N and E are compass bearings along which directions test samples 
were taken. 

A = original sampling station 103, Lady Bay. 

H = original sampling station 128, beach at end of Fern Street, Portland. 

K = middle of Henty Beach. 

R = head of bay west of Battery Point and south-east of Portland Harbour Trust offices. 
W = original sampling station 130, near Portland Harbour Trust offices. 

R.D. = site of rutile dump, original sampling station 126, between Railway Pier and Deep¬ 
water Pier. 

pr. = present (approximate proportions of pyrite not determined). 
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Movement directly onshore to the north-west was the strongest, the greatest con¬ 
centration (54 parts in 100,000,000) being found at station H, which is most distant 
(5100 ft.) of the five beach stations from the dumping site. Movement in this 
direction had* been in excess of 165 ft. per day, since the exact day of arrival of 
■qyitCL Tit station H was not known. The distance to the other stations and the 
concentrations attained at each are shown in Table 8. 

This marked increase in the rate of movenlent onshore is attributed to the pyrite 
entering progressively shallower water shorewards, where it became subject to 
transport by waves of translation. 

To test the offshore movement of the pyrite east of the dump, a series of 
samples was taken 43 days' after dumping at stations situated 4000 ft. N, 4000 ft. 
j4E, 4000 ft. E and 4000 ft. SE of the dump. As shown in Table 8, pyrite was found 
a t 4000 ft. N in concentrations of 24 parts per 100,000,000 and at 4000 ft. SE in 
concentrations of 90 parts per 100,000,000, but no pyrite was detected either at 
4000 ft. NE or at 4000 ft. E. 

At most stations where successive samples were taken at short intervals of 
time following the first appearance of the pyrite, the amount of pyrite present 
increased in the later samples, more particularly along the SE line of sampling 
stations (see Table 8). 

Further sampling at the four 1500-ft. stations at an interval of between 62 to 
68 days after the pyrite first appeared there showed that the amount of pyrite present 
in the sand had begun to decline at all four stations. As shown in Table 9, the 


Table 9 

Percentage Decline in Pyrite Content at the 1,500 NIP, NE, SJV and SE 
Sampling Stations, 62 to 68 days after Dumping of the Pyrite 




Number of pyrite grains 


Sampling 

Station 

Number of days 



Percent decline 

between 

samplings 

First 

Second 

in pyrite 
content 


sampling 

sampling 


1,500' NW 

62 

184 

140 

24 

1,500' NE 

62 

43 

33 

23 

1,500' SW 

68 

12 

11 

8 

1,500' SE 

65 

454 

450 

1 


(The figures listed under the column “Number of pyrite grains” were obtained from grain 
counts of the Superpanner “head” concentrates derived from the treatment of 50 gram samples 
of the —52 fractions of the sands from each sampling station.) 


decline was much more pronounced at 1500 ft. NW and 1500 NE than at 1500 ft. 
SW and 1500 ft. SE. At 1500 SE, which showed much the greatest concentration 
of pyrite, the decline was least and of no great significance. 

Conclusions 

The sands of the Portland coast consist essentially of organogenic material with 
admixed detrital minerals derived from various sources— 

(1) Shell fragments, etc., derived from the fauna of the sea floor. 

(2) Basaltic minerals shed from the basalts and tuffs exposed in the cliffs of 
Bridgewater Promontory and Portland Harbour. These mineral grains are 
markedly angular and chemically relatively unstable. 
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(3) Minerals derived from granitic, metamprphic and sedimentary rocks (i.e., 

= the granitic-metamorphic group herein) brought from distant sources. 
These minerals are chemically stable varieties ana’osrcur as well-rounded 
grains. 

The shell fragments, etc., comprise about 907^ of the sand in the Portland 
Harbour area, as compared with only 75% of the sands of Discovery Bay and 
Bridgewater Promontory. 

The harbour sands are distinctly grey, from the presence of a high / proportion 
of dark shell fragments, whereas the sands of the exposed beashtes are relatively 
free from dark shell fragments. Thi^is regarded as ev’rkence that a considerable 
proportion of the sand is derived from the shells, of animals living on the harbour 
floor and the adjacent rocks (also cf. Sprigg, 1952, p. 101). 

The heavy minerals in the harbour sands are predominantly basaltic, indicating 
that they are also derived from the vicinity. The proportion of granitic-metamorphic 
heavy minerals and quartz is low compared with the sands on the more exposed 
beaches, indicating that only a relatively small proportion of the sand could have 
been derived by drift from distant sources. A little of the quartz in the harbour 
sands could have been contributed by the rivers entering Portland Bay. 

Study of the distribution of the basaltic minerals reveals that they have drifted 
in small quantities for about 26 miles north-westwards along Discovery Bay beach 
from their point of origin at Cape Bridgewater, and that basaltic minerals have 
drifted eastwards from the Bridgewater Promontory to beyond the Eumeralla River 
mouth in rather greater volume. The conclusion is that stronger drift prevails to 
the north-east from the Bridgewater Promontory than to the north-west. 

The sands in Portland Harbour are distinctly finer-grained than those on the 
exposed ocean beaches, and this, combined with their distinctly lower detrital 
mineral grain content, indicates that such sand drift prevailing towards the north¬ 
east largely by-passes the harbour area, the sand fetching up on the eastern beaches 
of Portland Bay. 

The evidence of'the detailed examination of the natural sands and contained 
artificial contaminants along the Portland coast thus indicates that only a minor 
amount of sand is entering Portland Harbour by coastwise drift, and that the 
observed movements of sand on to and away from the harbour beaches are mostly 
local movements. 

These deductions arise from the study of the nature and distribution of the 
sands as determined by the operation of marine agencies over a considerable period 
of recent geological time, and the results of the short-term experiments on the 
movements of the marker minerals are generally in accord with these deductions. 

One of the most striking points that emerges from the marker mineral experi¬ 
ments relates to the very different rates of their migration in the several environ¬ 
ments tested. These rates are summarized in Table 10. The rate of movement 
eastwards and north-eastwards from Cape Bridgewater and Lawrence Rocks is of 
a very different order of magnitude from the other movements. Presumably this is 
because the one is a relatively unhindered movement parallel to the set of the 
waves and currents occurring in relatively deep water, where wave base stirs the 
sand on the ocean floor sufficiently at the passage of each wave to permit either— 

(a) a current setting in the same direction to move the sand particles forward 
at each stirring process; or 
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Approximate Rates of Moi'ement of the Marker Minerals 
from the Original Dumping Sites 


Region 

Rate of Movement 
(yards per day) 

Portland Bay 

(i) Narrawong Beach 

4- 6 

(ii) Sea Wall 

10 

(iii) Harbour Floor 
(a) outer 

15-20 

(6) inner 

55-60 

Discovery Bay 

Northwest 

70 

Cape Bridgewater 

East 

1175-3500 

Lawrence Rocks 

East 

440 + ** 


** Minimum rate only. 


(b) the circular movement of the particles initiated by the passage of each wave 
being interrupted by the sea floor, so that with the passage of each wave 
the particles are picked up, moved forward some distance by the forward- 
moving half of the orbital motion, and set down again, so that movement 
occurs by a process of saltation. 

The movements north-westwards along Discovery Bay, and east and west along 
Narrawong Beach, occur by longshore drift, which is a hindered movement oblique 
to the set of the waves. The swash moves the sand obliquely up the beach, while 
the backwash returns it normal to the beach slope, resulting in a zig-zag progression 
both easterly and westerly, but rather more prominently easterly at both localities. • 
The much slower rate of movement on Narrawong Beach is attributed to the smaller 
size of the waves resulting from its rather more sheltered position. 

The slow movement on the harbour floor is also attributed to the relatively small 
size of the waves reaching this part of Portland Bay, but the speed of movement is 
sharply accelerated when the sand enters the zone of waves of translation. 

A second significant point is the observation that the greater proportion of any 
sand moving eastwards along the Bridgewater Promontory coast by-passes Port¬ 
land Harbour and crosses the mouth of Portland Bay in a north-easterly direction, 
fetching up on its eastern coast between the Fitzroy River and Cape Reamur. This 
means that most of the sand in the harbour area is mainly of local origin. 

The same by-passing tendency operates across the western end of Bridgewater 
Bay. 

A third striking result is that the movement of the brown garnet on Narrawong 
Beach proved that there was no strong drift of sand westerly around the head of 
Portland Bay, at least during the period of testing. In fact such movement as was 
detected was more strongly to the east. Given a period of strong south-easterly 
winds, however, some westerly movement might develop. 
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GEORGE BAKER: 


The observations on marker mineral movements and the conclusions reached 
concerning sand movements over long periods of time from the study of the com¬ 
position of the various sands are also supported by the following field observations: 

(i) From west to east on the eastern side of Portland Bay there is a progressive 
increase in the amount of easterly to south-easterly deflection of the mouths 
of the three main rivers flowing into the bay. Thus, nearest to the harbour 
area, the mouth of the Surrey River has been deflected two miles east- 
north-easterly; further east, the mouth of the Fitzroy River has been 
deflected four miles easterly; still further east, the mouth of the Eumeralla 
River has been deflected eight miles in a south-easterly direction. These 
deflections are attributed to the effects of a long-term easterly drift of sand 
along the coast. 

(ii) Coupled with (i) is a progressive development of sand dunes from the 
Surrey River towards Cape Rearnur. This points to an increasing supply 
of sand to the coast in an easterly to south-easterly direction on the eastern 
side of Portland Bay. 

Of considerable importance is the observation that the predominant movement 
of sand on the harbour floor during the period of testing has been onshore (north¬ 
westwards, westwards and south-westwards), with some tendency to move south- 
eastwards. The strong onshore movement of the pyrite, combined with the weak 
offshore movement of the rutile, and the fact that beach height at the sea wall was 
maintained throughout the testing period, proves that a seasonal period of dominant 
local onshore drift prevailed in the harbour. 

Sooner or later, seasonal changes will reverse this trend to a dominantly offshore 
drift, which will remove sand from the harbour beaches and spread it out over the 
harbour floor. The agents and processes causing this are strong onshore winds 
which build up the sea water against the land. Ultimately this cannot be supported, 
and so narrow, well-defined currents or rips move seawards with strong velocities, 
taking with them large quantities of sand offshore to deeper water, where they are 
then made available for longshore transport (Shepard, Emery and La Fond, 1941). 
Such sand as moves out to the mouth of Portland Bay (cf. south-easterly movement 
of pyrite from the harbour dump) would be caught up in the north-easterly trend 
across the bay mouth, and be removed from the area. The sands on the harbour 
floor are constantly being added to by comminution of shelly, etc., material derived 
from organisms indigenous to the area, and to a lesser degree by detrital material 
derived locally from the cliffs, and one of the principal effects expected here is one 
of seasonal oscillation of sand between the harbour beaches and the harbour floor. 

The building of the breakwaters may slow up but not necessarily stop onshore 
movement of sand. The breakwaters will, however, reduce the force of agencies 
that tend to move the sand offshore (cf. rip currents above), in which event slow 
siltation of the harbour should occur, unless it is cleared by dredging. 
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Royal Society of Victoria 


ANNUAL REPORT OF THE COUNCIL FOR THE YEAR 1955 

The President and Council present to members of the Society the Annual Report 
and Statement of Receipts and Expenditure for the year 1955. 

The following meetings of the Society were held: 

March 10. — Annual Meeting. The following office-bearers were elected: Presi¬ 
dent, Professor E. Sherbon Hills; Vice-Presidents, Mr. V. G. Anderson, Associate- 
Professor G. W. Leeper; Honorary Treasurer, Mr. R. T. M. Pescott; Honorary 
Librarian, Dr. C. M. Tattam; Honorary Secretary, Dr. K. Washington Gray; 
Members of Council, Mr. W. Baragwanath, Mr. D. A. Casey. Capt. J. K. Davis, 
Dr. F. L. Stillwell, Professor J. S. Turner, Professor O. W. Tiegs and Professor 
S. M. Wadham. 

The following Members of Council continued in office: Mr. L. Adams, Mr. J. H. 
Chinner, Mr. P. Crosbie Morrison, Mr. E. R. Pitt, Dr. D. E. Thomas. 

The Annual Report and Financial Statement for 1954 were read and adopted. 
At the close of the Annual Meeting an Ordinary Meeting was held. Lecture: 
‘‘Petroleum Refining”, by Mr. J. B. Campbell-James. 

April 14.—Lecture: “Antibody Production as an Aspect of General Biology”, 
by Sir Macfarlane Burnet. 

May 12. — Lecture: “A Year in the Antarctic", by Mr. Robert Dovers. 

June 9. — Papers: “Brachiopods, Pelecypods and Stratigraphy of the Buchan 
Caves Limestone”, by John A. Talent; “Siluro-Devonian Mollusca from Marble 
Creek. Thomson River. Victoria”, by John A. Talent and G. Maxwell Philip; 
“Siluro-Devonian Brachiopods from Marble Creek, Thomson River”, by John A. 
Talent. 

July 14. — Paper: “The Geology of the Casterton District. S.W. Victoria”, by 
Bryan Wells. 

August 11. — Lecture: “Alkali Manufacture in South Australia”, by Dr. R. R. 
Gar ran. 

September 8.—Symposium: “The Shortage of Scientific Manpower in Aus¬ 
tralia” — contributors, Mr. R. F. Sanderson, Sir Ian Clunies Ross, Professor J. S. 
Anderson, Professor E. Sherbon Hills. The Symposium was arranged in co-opera¬ 
tion with the Australian Academy of Science. 

October 13. — Lecture: “Culture Contacts in Arnhem Land”, by Dr. Donald 
Thomson. 

November 10. — Travelogue with Kodachrome slides by Dr. D. E. Thomas. 
December 8.—Presentation of Mueller Medal for 1955 to Dr. Lionel Bull, on 
behalf of the Australian and New Zealand Association for the Advancement of 
Science, and of the Gold Medal of the Royal Geographical Society of Australia, 
South Australian Branch, to Dr. Donald Thomson, Professor T. M. Cherry and 


207 





208 


ANNUAL REPORT 


Mr. D. A. Casey were elected Honorary Auditors for 1956. Papers: “Igneous 
Rocks of the Dandenong Ranges, Victoria”, by Dr. A. B. Edwards; “Sand Drift at 
Portland”, by Mr. George Baker. 

During the year seven Members and five Associates were elected. Four Members 
and five Associates resigned. The total membership of the Society at December 31, 
1955, was 252. 

The Council deeply regrets the loss by death of four Members and three Asso¬ 
ciates. 

Wilfrid Dinsey Chapman was bom in London in 1891 and died in Melbourne 
on May 6, 1955. The son of the late Frederick Chapman, palaeontologist, a former 
President of the Society, he came to Australia as a child and was educated at Cam¬ 
berwell Grammar School and the University of Melbourne. He graduated B.C.E. 
in 1923 and M.C.E. in 1925, and in 1949 the honorary degree of Doctor of Engi¬ 
neering was conferred on him by the University of Western Australia. In the course 
of a long and distinguished career as an engineer he held the appointments of Direc¬ 
tor of Civil Engineering, Railway Standardization Division, Department of Trans¬ 
port ; Commissioner of the State Electricity Commission of Victoria; Engineer for 
Research and Development with the E.M.F. Electric Co. Ltd. He was a pioneer of 
electric welding. Wilfrid Chapman served from 1915 to 1919 in the 1st A.I.F. 
and, during the Second World War, after commanding the 2/2 Army Field Work¬ 
shop, A.A.O.C., in the Middle East, where he was mentioned in despatches, held 
senior military engineering appointments in Australia with the rank of Colonel T/ 
Brigadier. He served on the Council of the Institution of Engineers of Australia, 
of which he was President in 1944. He was elected an Associate of the Society 
in 1927. 

John Berkmans Devine, M.B., M.S. (Melb.), F.R.C.S., F.R.A.C.S., 
F.A.C.S., surgeon and author, was born at Melbourne on September 28, 1913, and 
died there on October 31, 1955. He was educated at Xavier College, Beaumont 
College, England, and Melbourne University where he graduated M.B., B.S., in 
1937. He served in the Western Desert campaign and in the siege of Tobruk 
in the 1939-45 war, being mentioned in despatches. His publications included The 
Rats of Tobruk and a number of papers on surgical subjects, and he was co-author, 
with his father, Sir Hugh Devine, of “The Surgery of the Rectum and Colon”. 
He was elected a Member of the Society in 1945. 

Wilfrid Russell Grimwade, Kt., C.B.E., B.Sc., F.R.A.C.I., was born at 
Caulfield, Victoria, on October 15, 1879, and died in Toorak, Victoria, on November 
2, 1955. He was educated at the Church of England Grammar School, Melbourne, 
at Ormond College and the University of Melbourne. For many years he was a 
leader over a wide field in the business and cultural life of the community and a 
generous financial supporter of education and scientific activities. In 1944 he gave 
£50,000 to the University of Melbourne for the establishment of a School of Bio¬ 
chemistry. He had been Chairman of Drug Houses of Australia Ltd., and a Director 
of several companies, a member of the Victorian Committee of the Council of 
Scientific and Industrial Research and of the Council of the University of Melbourne. 
Until his death he was Chairman of the Trustees of the National Museum of Vic¬ 
toria, President of the Australian Chemical Institute and of the Australian Forest 
League and Chairman of the Felton Bequest Committee. Sir Russell Grimwade was 
elected a member of the Society in 1912 and was appointed a Trustee in 1938. He 
was the author of An Anthography of the Eucalypts, a standard work on the sub¬ 
ject, and Flinders Lane , Recollections of Alfred Felton. 
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Walter Morell Holmes, M.A., B.Sc., F.Inst.P., was born in Melbourne in 
1884, and died there on February 13, 1955. He was educated at the University of 
Melbourne, and from 1906 to 1909 was an Instructor in Engineering at the Work¬ 
ing Men’s College, Melbourne, later lecturing at the University of Melbourne. 
During the First World War he was released for war duties with the National 
Physical Laboratory in England, specializing in metrology. From 1924-40 he was 
assistant to the late Dr. Baldwin at the Melbourne Observatory. His developmental 
work led later to the establishment of a Weights and Measures Department, and a 
new Act with new standards. He served with the Metrology Division of the Muni¬ 
tions Supply Laboratory at Maribyrnong. From that time till 1949 he worked in 
the Victorian Weights and Measures office and became the Superintendent. After 
his retirement from the Victorian Public Service, he studied geomagnetic problems 
for the Bureau of Mineral Resources, Geology and Geophysics, and finally completed 
his long years of service by part-time demonstrating in the Engineering School of 
the University of Melbourne. He was very interested in church activities. For 30 
years he was also an active member of the Royal Melbourne Philharmonic Society, 
and on its Council for 27 years. 

Arthur Hordern, B.C.E., was born in Melbourne in 1873 and died there on 
October 27, 1955. He was educated at Brighton Grammar School and at the Uni¬ 
versity of Melbourne where he graduated in Engineering. After following his pro¬ 
fession as an engineer for a time, he became interested in wool and was for many 
years a partner in the firm of P. H. Pearce & Sons. Since 1940 he had been a Director 
of Yarra Falls Ltd. Arthur Hordern was a grandson of Anthony Hordern, who 
came to Australia in 1825, and his father William Hordern moved from Sydney to 
settled in Melbourne in 1837. 

Edwin Thomas Quayle, B.A., was born at Amphitheatre, Victoria, in 1862, 
and died at Essendon, Victoria, on October 21, 1955. After qualifying at the 
Teachers’ Training College in 1882 he taught at Horsham until coming to Melbourne 
as Astronomical Assistant in the Melbourne Observatory in 1890. He graduated 
B.A. in the University of Melbourne in 1892, and the keen interest in weather fore¬ 
casting which he retained to the end of his long life led to his appointment in 1895 
as Assistant Forecaster at the Observatory. On the establishment of the Common¬ 
wealth Meteorological Service he was appointed Professional Assistant, and was a 
member of the staff of the Melbourne Weather Bureau until his retirement in 1924. 
Mr. Quayle was elected a Member of the Society in 1920. He was the author of 
numerous papers and articles on meteorological subjects, five of which were pub¬ 
lished in the Society’s Proceedings. 

Mrs. Fenton Woodburn (nee Kathleen Oliver), F.R.G.S., was born at Mar- 
rackville, Sydney, N.S.W., on October 6, 1893, and died at Black Rock, Victoria, 
on October 3, 1955. She was educated at the Church of England Girls’ Grammar 
School, Melbourne, and at the University of Melbourne where she became a Re¬ 
search Scholar in Biology. In 1912 she married and went to live at Gunnedah in 
N.S.W. until 1929, when the family returned to Melbourne. Mrs. Woodburn had 
taken an active part in the work of the Country Women’s Association since its foun¬ 
dation, was for many years on the Committee of the Women’s College of the Uni¬ 
versity of Melbourne. She was a foundation member of the Australian Geographical 
Society, a member of the Field Naturalists Club of Victoria, the Historical Society 
of Victoria and the Anthropological Society of Victoria, and a Fellow of the Royal 
Geographical Society. She wa^ elected an Associate of the Society in 1930 and was 
the author of two biological papers published in the Proceedings in 1910 and 1911, 
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of a book, Backwash of Empire (London 1944), and of numerous articles dealing 
principally with the geography and natural history of Central Australia. 

Attendances at Council Meetings were as follows: Mr. Adams, 8; Mr. Anderson 
9; Mr. Baragwanath, 10; Mr. Casey, 10; Mr. Chinner, 4; Capt. Davis, 5; Dr. Gray’ 
10; Professor Hills, 10; Associate-Professor Leeper, 7; Mr. Crosbie Morrison 7 • 
Mr. Pescott, 7; Mr. Pitt, 5; Dr. Stillwell, 10; Dr. Tattam, 8; Dr. Thomas, 4; Pro¬ 
fessor Tiegs, 1; Professor Turner, 3; Professor Wadham, 2. Dr. Thomas, Capt. 
Davis and Professor Tiegs were absent overseas during part of the year. 

During the year 2,367 volumes and parts were added to the Library. 

To reduce the work of the Honorary Secretary, Dr. F. L. Stillwell offered to 
edit the Proceedings as from Volume 68 and his offer was gratefully accepted. 

The Council desires to record its appreciation of the services rendered to the 
Society as Assistant Editor by Mr. J. Deeble, whose resignation, necessitated by his 
move to Canberra, was accepted with regret at the December meeting. 

HONORARY TREASURER’S REPORT 

The Society started the year 1955 with a credit balance of £139/16/1, and 
finished with a credit balance of £234/6/-. This improvement does not reflect the 
true state of the Society’s finances, as an anonymous donation of £100 towards the 
printing costs of one paper absorbs more than the apparent improvement. The 
Society expresses its grateful thanks to this anonymous donor. 

While receipts in the form of subscriptions, rents and sale of publications were 
all as anticipated, printing costs for Volume 67 of the Proceedings were tremendous, 
involving a total of £1,925/10/-. A contribution of £500 from the Commonwealth 
Government for cost of printing a special article enabled the greater part of this 
account to be paid this year, but it was still found necessary to carry over into 1956, 
£300 of this account. The Society should seriously consider the desirability of insist¬ 
ing on contributions towards the cost of printing from outside scientific bodies on 
whose behalf papers are published. It is expected that printing costs will continue 
to rise, so that extreme care will be necessary in the editing of the Proceedings to 
ensure that undue costs are not entailed. 

The Society again expresses its appreciation of the action of the State Govern¬ 
ment in maintaining its annual grant to the Society at the figure of £500, extends to 
Imperial Chemical Industries of Australia and New Zealand, and to Containers Ltd. 
for gifts received during the year. 

Subscriptions from members have remained at approximately the same figure 
as in 1954, and members are reminded that their subscriptions become due on 
January 1 of each year. In order that the affairs of the Society proceed smoothly, 
they should be paid promptly. 
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A BROWN ALGA (PETROSPONGIUM RUGOSUM) 

NEW TO VICTORIA 

By Iona G. MacLennan, m.sc.* 

[Communicated by Associate Professor Ethel McLennan, D.Sc., 12 July 1956] 

Petrospongium rugosum (Okamura) Setchell and Gardner, 1924, p. 12; 1925, p. 509; pi. XXXIX, 

figs. 42, 43; Smith, 1944, p. 116, pi. XVI, figs. 3, 4. 

Cylindrocarpus rugosa Okamura, 1907, p. 20, pi. V, figs. 1-6. 

On the extensive rock platforms near the lighthouse at Point Lonsdale 
Hormosira banksii (Turner) Decaisne and Gelidium pusillum (Stackhouse) 
Le Jolis are the main species present in the lower littoral, covering a wide area of 
rock with a small vertical range. On these horizontal surfaces, not extending into 
the reef pools, is a conspicuous encrusting brown alga which appears to be identical 
with Petrospongium rugosum (Okamura) Setch. & Gard. found in Japan and 
California, and not recorded from Victoria. 

The plants are a deep chestnut brown, more or less circular in outline, at least 
when small, and up to about 5 cm. in diameter, to about 3 mm. high and with a 
very markedly convoluted surface even when small. The surface is slippery and 
glossy, and the texture firm. 

The thallus consists of branching filaments (Fig. 1) ; the lower parts of these 
form a colourless medulla of loosely compacted large swollen cells and multicellular 
rhizoids arising perpendicular to the filaments. The assimilatory cortical filaments 
are tightly compacted, narrow (6-10 p wide), with the ultimate branches 2-6 cells 
long and the cell-length equal to twice the width. Colourless hairs about 7p wide 
arise at the base of the cortical region and project well beyond the surface of the 
thallus. 

Unilocular sporangia are borne on 1-2 (-4)-celled pedicels arising at about the 
same level as the hairs. The sporangia are 18-20 p wide, 80-100 p long, and primarily 
ellipsoidal, but frequently have an irregular shape with the pedicel commonly to 
one side instead of at the base. The top of the sporangium lies 20-40 p below the 
thallus surface. 

The plants agree well with descriptions and figures of P. rugosum. The European 
species P. berkeleyi (Grev.) Naeg. has been recorded from New Zealand by 
Lindauer, with the remark that “the New Zealand plants do not quite match the 
boreal”, and the short description calls the plants “wrinkled”, which is not charac¬ 
teristic of P. berkeleyi. Possibly the New Zealand and Australian plants belong to 
the same species; the Australian plant is not P. berkeleyi (as far as I understand 
that species from various European descriptions and figures). 

In comparing the Pacific and European species Setchell and Gardner remark 
that in P. rugosum the peripheral filaments are about twice the diameter of those in 
P. berkeleyi, yet they give 8-11 p for the diameter in rugosum and both Newton 
and Hamel give 10-15 p in berkeleyi. Setchell and Gardner also mention that there 
are differences in the branching of the peripheral filaments, without actually describ¬ 
ing them, and they are not apparent from the figures available. However the 

* Botany Department, University of Melbourne. 
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Fig. 1.—A. Portion of outer surface of thallus, showing assimilatory filaments and hair. 
B & C. Portions of the outer surface of a fertile plant, showing unilocular sporangia 

“S” (90 X 28 /*). 
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markedly wrinkled surface of P. rugosum seems to be a reliable character to 
distinguish this species, and possibly also the lateral attachment of sporangium to 
pedicel. 

Smith records P. rugosum as an annual on the Monterey Peninsula, appearing 
in early summer and disappearing in late winter. The Point Lonsdale plants have 
not been looked for all round the year, but have been common in May, June, 
September and October of 1954, and whether they are absent during any of the 
other months is not known. It seems strange that these plants, whose glossy dark 
thalli stand out against the light-coloured rock of readily accessible parts of the 
reef, have not been collected previously, or at any rate recorded, from this classical 
collecting ground. 


References 

Hamel, G., 1939. Pheophycees de France. (Paris.) 

Lindauer, V., 1947. An Annotated List of the Brown Seaweeds, Phaeophyceae, of New Zealand. 
Trans. Roy. Soc. N.Z., 76; 542-566. 

May, Valerie, 1946. Studies on Australian Marine Algae III. Jour. Linn. Soc. N.S.IV., 71; 273. 
Newton, L., 1931. A Handbook of the British Seaweeds. (London.) 

Okamura, K., 1907. leones of Japanese Algae. Tokyo. Vol. 1, No. 1. 

Setchell, W. A., and Gardner, N. L., 1924. Phycological Contributions 7. Univ. Calif. Publ. 
Bot., 13; 1-13. 

-, -i 1925. The Marine Algae of the Pacific Coast of North America, Part 3. 

Mclanophyccac. Ibid., 8; 383-898. 

Smith, G. M., 1944. Marine Algae of the Monterey Peninsula. (Stanford.) 









2 


THE OCCURRENCE OF AZOLLA FILICULOIDES L. AND 
ASSOCIATED VASCULAR PLANTS IN A QUATERNARY 
DEPOSIT IN MELBOURNE, AUSTRALIA 

By Suzanne L. Duigan, ph.d., and Isabel C. Cookson, d.sc. 

[Read 12 July 1956] 

Abstract 

The discovery of megaspores and massulae of Asolla filiculoides L. in material from a 
Quaternary deposit in Melbourne is reported. An account of fossil pollen grains and spores from 
this deposit is given. From the evidence provided by these plant microfossils, it appears probable 
that the climate during the formation of the deposit was somewhat wetter and cooler than it is 
at the present day. 

Introduction 

Material from several bores put down by the Country Roads Board in Quater¬ 
nary deposits near the River Yarra at King Street and at Spencer Street, Mel¬ 
bourne, recently became available for palynological examination. Abundant pollen 
grains and spores were observed in a number of samples, and remains of Asolla 
filiculoides L. were found in two of them. 

The exact level represented by most of the samples is not known, as they were 
selected at random from fairly long pieces of bore core. In addition, they come 
from six different bores, and only two of them are consecutive. Hence the results 
of this investigation, although providing some information regarding the plants 
which grew in the vicinity of the deposit during its formation, do not give a 
complete picture of the vegetational and other changes which took place at this time. 
However, it is considered that these results merit publication because palynological 
information regarding such deposits in Australia is very sparse and because the 
record of A. filiculoides may be of some importance. It is hoped that a more detailed 
examination of a bore in this area may be possible at some future date. 

Material 

The material on which this study has been based consists of mud containing 
a variable quantity of coarse organic matter. Only one sample from the bores put 
down in the vicinity of Spencer Street was available. This bore was close to the 
Spencer Street bridge. The sample yielded abundant pollen grains and spores, 
which were first examined by Miss K. Pike (see Willis 1955) and which have 
now been studied in greater detail. The material was associated with a piece of 
red gum wood* recovered from a depth of 63 feet below the present low water 
mark. Using radiocarbon methods, the United States Geological Survey Labora¬ 
tories estimated the age of this wood to be 8780 ± 200 years (Gill 1955). 

Twelve samples from bores in the King Street area were examined. Of these, 
only the following contained large numbers of pollen grains and spores (the figures 
represent depth below sea level) : 

♦This wood was recorded as red gum by Gill (1955) and Willis (1955). Mr. R. Ingle 
(Forest Products Division, C.S.I.R.O.), who identified the wood, stated in a personal com¬ 
munication that it is probably Eucalyptus camaJdulensis Dehnh., but that its structure does not 
enable him to be absolutely certain of this identification. 
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B.6. 1-9', 55-56' (the upper limit of this sample is 

one foot above sea level) 

B.12. 57-68' 

B.19. 52-62', 62-65', 74-86' 

The sample B.24 121' contained so few pollen grains and spores that they could 
not be satisfactorily compared with those from the samples listed above. No recog¬ 
nizable plant microfossils were observed in the remaining samples, which were 
as follows: 

B.6. 125-130' 

B.19. 112-120' 

B.21. 112-119' 6", 122-127' 

B.24. 10P 

Mr. E. D. Gill, of the National Museum of Victoria, considers that the King 
Street samples which come from depths comparable with the red gum wood from 
the Spencer Street bore may reasonably be supposed to be of similar age. 

Methods 

The chlorination-acetolysis technique (Erdtman 1943) was used when making 
slides for the examination of fossil pollen grains and spores. For the recovery of 
megaspores and massulae of Asolla, the following procedure was adopted. A small 
portion of a sample was boiled in 10 % sodium hydroxide and passed through a 
sieve with meshes approximately 0T5 mm. square. The debris retained on the 
sieve was washed with water, transferred to water in a Petri dish and examined 
under a high power dissecting microscope. Any megaspores and massulae which 
were observed were then removed with a small pipette, warmed in lactophenol and 
mounted in glycerine jelly. 

Azolla filiculoides L. var. rubra (R. Br.) Strasburger 

Samples B.12 57-68' and B.19 62-65' yielded megaspores and massulae which 
can be referred confidently to the genus Asolla. These organs are shown in PI. I. 
The megaspores have three “floats” and glochidia are present on the massulae, so 
that the fossils must belong to the subgenus Euasolla Meyen (Baker 1886). This 
subgenus consists of four species, A. caroliniana Willd., A. filiculoides L., A. 
mexicana Presl. and A. microphylla Kaulfuss. Published descriptions of the 
megaspores and massulae of these species (Strasburger 1873, Baker 1886, Camp¬ 
bell 1873, Svenson 1944 and West 1953) show that the fossils match the corres¬ 
ponding organs of A. filiculoides and are different from those of the other three 
species. The lower halves of the megaspores of the fossils and of A. filiculoides 
have prominent, rounded tubercles, while those of A. mexicana are pitted and 
those of A. microphylla smooth. The megaspores of A. caroliniana have not been 
described. The glochidia of the fossil massulae are two-barbed and are usually 
septate for about a third of their length although, as shown in Fig. 1, the septation 
is sometimes more extensive and may reach the base. The glochidia of A. filicu¬ 
loides are two-barbed and, if any septa are present, they are usually confined to 
the distal portions of the glochidia. The glochidia of A. mexicana and A. microphylla, 
which are also two-barbed, are regularly septate over their entire length, and those 
of A. caroliniana, which show incomplete terminal septation, have 1-4 barbs. Thus 
the structure of the fossils provides a satisfactory basis for their identification as 
A. filiculoides, and this identification is confirmed by the evidence from the present 
day distribution of the species which belong to the subgenus Euasolla. A. filiculoides 
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is the only one of the species which is now native to Australia and, as the deposit 
which yielded the fossils appears to be relatively recent, it is unlikely that either 
an extinct or an alien species is represented. 

It is generally believed that the only form of A. filiculoides which occurs in 
Australia is var. rubra, but the status of this variety seems to be open to doubt. 
Differences in the septation of the glochidia form the basis for the separation of 
the variety from the species, but there is no uniformity of opinion regarding the 
exact line of demarcation between the two. Strasburger (1873), Baker (1886) and 



Fig. 1.—Glochidia from fossil massulae of Asolla filiculoides var. rubra from B. 12, 
57-68' and B. 19, 62-65' X c . 1050. 
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Svenson (1944) state that the glochidia of A. filiculoides are non-septate while those 
of var. rubra are septate at the apex. However, Campbell (1893), who does not 
mention the variety, considers that the glochidia of A. filiculoides, although usually 
non-septate, may show one or two septa towards the tips, and West (1953) believes 
that they show “regular terminal septation”. West states that the glochidia of var. 
rubra have 1-4 extra septa at their distal ends. He also points out that, in fossil 
material which he refers to A. filiculoides, a single massula may show some glochidia 
with terminal septation and others in which the septa extend further back along 
the stalk. Similar variations in the glochidia of individual massulae have been 
observed in herbarium specimens of var. rubra obtained from Bayswater, Western 
Australia, during the present studies. Most of the glochidia on each of these massulae 
are septate for about a third to a half the length of the stalk, but some are septate 
almost to the base and there may be a few non-septate ones. 

There do not appear to be any other differences between the species and the 
variety. In spite of the fact that var. rubra was originally described as a distinct 
species, A. rubra R. Br. (Brown 1810), the descriptions do not mention any 
differences between the vegetative parts of A. filiculoides and those of var. rubra. 
Strasburger suggested that the tubercles on the megaspores of the species tend to 
be more confluent than those of the variety, but this trend has not been observed 
in any of the material examined by the present authors. Finally, it may be noted 
that, although, according to Strasburger, var. rubra is confined to Australasia 
(a view that has been perpetuated by Bentham (1878) and Ewart (1930)), 
Svenson considers that the variety is scattered throughout the range of the species 
in America and is of little geographcial importance. 

Thus, as far as can be determined, the distinction between A. filiculoides and 
A. filiculoides var. rubra is based merely on the number of septa in the glochidia, 
and this number may vary in the different glochidia of one massula. This is an 
unsatisfactory basis for the establishment of a variety, and it seems probable that 
the variety should be suppressed. However, the variety, as it occurs in Australia, 
is recognizable as such, and the present authors consider that they have not 
examined enough material to enable them to suppress it. The fossils are therefore 
recorded as A. filiculoides var. rubra. 

The discovery of fossil remains which can be referred to A. filiculoides is of 
botanical interest, and recent work in Europe suggests that it may be of some 
importance stratigraphically. Pollen analyses of a Mindel-Riss Interglacial deposit 
at Hoxne, Suffolk (West 1956), and of the Gunz-Mindel Interglacial deposits of 
the Cromer Forest Bed of the Norfolk coast (S. L. Duigan unpub.), have shown 
that A. filiculoides occurs only in certain horizons in these deposits. This fact is of 
value in zoning the deposits. Although the King Street samples are not sufficiently 
comprehensive to give any exact information regarding the vertical distribution of 

A. filiculoides, there is some evidence that it occurs only in a limited part of the 
deposit. Massulae and detached glochidia are common in slides prepared from 

B. 12 57-68' and B.19 62-65', but are not found at all in samples representing 
positions just above (B.6 55-56', B.19 52-62') and below (B.19 74-86') these 
or in any of the other samples. Bore 19 is thus of particular interest, as it shows 
an almost continuous series of samples which seem to set fairly narrow limits to 
the occurrence of A. filiculoides. Although it is obvious that no definite hypothesis 
can be formed until more detailed work has been done, it can be seen that A. filicu¬ 
loides may be of importance in the pollen analytical or chronological subdivision of 
deposits of this type in Victoria. It is unfortunate that the material associated with 
the fossil red gum wood, which is of known age, yielded no remains of A. filiculoides. 
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In addition to the English sites mentioned, A. filiculoides has been found in 
Quaternary deposits at other localities in England (West 1953), the Netherlands 
(Florschiitz 1938, 1945, van der Vlerk and Florschutz 1950, 1953), Germany 
(Florschutz 1941, von Rochow 1952, Hiltermann 1954) and the U.S.S.R. (Nikitin 
1953). It is of particular interest to note that van der Vlerk and Florschutz consider 
that the early subdivisions of the Quaternary period can be identified by the species 
of Asolla which are present in any given deposit in the Netherlands. They believe 
that the genus was represented only by A. filiculoides in the Needian (usually 
considered to be the equivalent of the Mindel-Riss Interglacial), by both A. filicu¬ 
loides and A. tegeliensis Florsch. in the Taxandrian and by A. tegeliensis alone 
in the Tiglian. Although there is some evidence which suggests that these limits to 
Asolla may not be the same in countries outside the Netherlands, it is clear that 
the distribution of Asolla in early to middle Quaternary deposits is of considerable 
stratigraphic importance in Europe. The fact that A. filiculoides has now been 
found as a fossil in Australia suggests that it may, in the future, be of some value 
in the separation of the major divisions of the Quaternary period in this country, 
although there is the obvious complication that A. filiculoides is still native to 
Australia whereas it was not re-introduced into Europe until 1880 (Marsh 1914). 

West (1953) discusses the present day ecology and distribution of A. filiculoides, 
and from this account it appears that the exact conditions governing its distribution 
are not known. It is in general a plant of temperate regions, although it does grow 
as far north as Alaska. The available evidence from interglacial deposits suggests 
that, in England, it was confined to the warmer parts of interglacial periods. On 
the whole, it appears probable that the horizons of the River Yarra deposit which 
have yielded A. filiculoides were laid down during a period when the climate was 
temperate and without severe winters. Its apparent disappearance from higher 
levels may indicate climatic change but could instead have been caused by changes 
in the speed or course of the river, as A. filiculoides usually grows only in relatively 
quiet water. Although A. filiculoides still occurs in the vicinity of Melbourne, it is 
not known to occur on the River Yarra at the present day. 

Pollen grains and spores 

In the various samples examined, the only pollen which could be referred 
directly to a living species was that of Nolhofagus cunninghamii Oerst. However, 
the fact that it was impossible to identify the species of the other plants which 
produced the pollen in this deposit is undoubtedly due to difficulties of identification 
rather than to the presence of extinct or alien species. Four types of spore which 
were found are considered to be identical with those of existing Victorian species. 
PI. II shows fossil spores referred to Cyathea australis (R. Br.) Domin, Dicksonia 
australis Labill., Phymatodes diversifolium (Willd.) Pic.-Serm. and Todea barbara 
Moore, and also spores from living plants of these. species. A small number of 
fossil pollen grains has been identified as Banksia sp. As pointed out by Cookson 
(1950), the pollen of this genus is indistinguishable from that of the Western 
Australian genus Dryandra, but as it seems most unlikely that the latter was 
represented in Victoria at the time when this deposit was laid down, the pollen 
has been referred to Banksia. 

Pollen grains of Acacia sp., Casuarina sp. and N othofagus cunninghamii and 
• spores of Dicksonia antarctica and Phymatodes diversifolium were found in all the 
King Street samples previously listed as containing abundant plant microfossils. 
Other pollen grains which occur in all these samples could only be referred to 
families; these are the families Compositae (pollen of the'type found in Senecio 
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etc.), Myrtaceae (probably including Eucalyptus and several other genera) and 
Gramineae. Spores which belong to the Filicales, but which could not be identified 
further, were also found in all of these samples. Pollen of the Chenopodiaceae 
was absent from only one of these samples (B.19 52-62'), and Banksia sp. was 
recorded from all but B.6 1-9^ and B.19 62-65'. With the exception of the Banksia 
pollen, all these pollen grains and spores were also noted in the material from the 
Spencer Street bridge site. 

Spores and pollen grains which were present in reasonable numbers in two or 
three of the King Street samples are those of Azolla filiculoides (PI. I, figs. 7, 8), 
Dicksonia antarctica, Cyathea australis, Todea barbara, Haloragis sp., Myriophyl- 
lum sp., Plantago sp. and of the family Cyperaceae. Of these, only Azolla, Myrio- 
phyllum and the Cyperaceae were not recorded from the Spencer Street sample. 

In some instances, identifications were made on the basis of a single pollen 
grain of each particular type. These are recorded here for the sake of completeness 
but, owing to the possibility that they may represent contamination, the records 
are in need of confirmation. Pollen in this group includes that of Lavatera sp. 
(apparently not L. plebeja Sims., the only Victorian species), Polygonum sp. 
(pollen of the type found in P. persicaria L., but not restricted to that species), 
Sparganium sp., Compositae (of the type found in Microseris, Taraxacum, etc.) 
and Geraniaceae. None of these was found in the material from the Spencer Street 
site. The only plant microfossils which were found there but not in any of the 
other samples w'ere pollen grains of the Compositae (of the type shown by Ambrosia 
maritima L.) and Caryophyllaceae. 

Small numbers of the alga Botryococcus braunii Kiitzing were observed in one 
sample (B.12 57-68'). 

The only type of pollen grains which was recorded but which has been omitted 
from the above lists is one which can be identified, in the sense that it can be 
given a name, but which cannot be referred to any specific group of modern plants. 
This is Triorites harrisii Couper, first described by Couper (1953) for New Zealand, 
but since recorded from many Tertiary deposits in Australia by Cookson and Pike 
(1954). It was found in several of the King Street samples and also in the Spencer 
Street sample. While the nature of the plant which produced this pollen is still 
unknown, the fact that it grew near the Yarra relatively recently suggests that it 
probably still grows in Australia. 

It is of interest to consider whether the recorded microfossils give any indications 
of the climatic conditions under which the deposit was laid down. The presence of 
spores of the tree-ferns Cyathea australis, Dicksonia antarctica and Todea barbara 
and of other ferns suggests a somewhat wetter climate than that prevailing at the 
present day. Two hundred pollen grains and spores were counted from each of the 
samples B.6 55-56' and B.19 62-65', and the counts showed Dicksonia antarctica 
5% and 4%, Todea barbara 1% and 0%, Phynmtodes diver si folium 1% and 1%, 
other ferns (excluding Azolla) 5% and 8% and total fern spores (excluding Azolla) 
12% and 13% respectively. The fact that these figures are quite high and that 
Dicksonia, Phymatodes, and other ferns have been recorded from all samples suggests 
that the presence of the spores is probably not due to long-distance transport. 
However, in the absence of information regarding the present day occurrence of 
these types of fern spore in the atmosphere of Melbourne, this point cannot be 
regarded as proved beyond question. It is also true that, although fern gullies 
usually occur in areas with a slightly higher rainfall than Melbourne has now, tree 
ferns are influenced by the level of the water table, so that swampy conditions 
around the River Yarra may have led to their occurrence there. 
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The presence of the pollen of Nothofagus cunninghamii suggests that the climate 
may also have been slightly colder than that of the present day. The samples 
mentioned above showed 2% and 1% respectively of this pollen. These figures are 
rather low, and the possibility of long-distance transport cannot be excluded. How¬ 
ever, the fact that the values are even as high as 2% and that pollen of this species was 
present in all samples suggests that it is unlikely to have come from a very great, 
distance. At the present day, beech is found in the ranges to the north-east of 
Melbourne, and the nearest stand is some 35 miles away. 

Willis (1955), who also examined the material associated with the red gum 
wood from the Spencer Street site, found leaves of Sphagnum cristatum Hpe. in it. 
This moss is an alpine or sub-alpine plant, and its presence, together with the fact 
that beech pollen and spores of tree-ferns had been previously observed in this 
material by Miss K. Pike, led Willis to the conclusion that the climate during the 
formation of this part of the deposit was much wetter and cooler than that of the 
present day. 

It is obvious that the pollen grains and spores which have been recorded are 
the product of a mixture of communities. As the species of most of the plants which 
produced these pollen grains and spores are not known, the communities cannot 
be satisfactorily identified. It is probable that the tree-ferns, possibly with Nothofagus 
cunninghamii, occupied the wetter habitats, while Casuarina and Banksia may have 
grown in the areas with better drainage. There are, of course, some Victorian species 
of Casuarina and Banksia which grow in swamps, so that the position of these 
genera during the formation of the deposit is not certain. Red gum probably grew 
along the river banks, and could have been accompanied by most of the herbs 
which have been identified, while Azolla and Myriophyllum doubtless grew in the 
water. 

Even in cases where pollen counts were made, there is no definite evidence as 
to the relative abundance of the plants which produced the pollen. However, the 
fact that pollen of the Myrtaceae reaches 48% in B.6 60-61' and 51% in B.19 
67-70' suggests that this family was strongly represented in the immediate vicinity 
of the deposit. Insect pollination is the rule in this family, and hence the pollen is 
unlikely to have come from plants growing very far away. On the other hand, 
the low values for Nothofagus cunninghamii, which is wind-pollinated, may indicate 
either a small number of trees or a fairly distant stand. These suggestions can only 
be of the most tentative kind, as the amount of pollen recorded is dependent on 
the quantity of pollen produced by one plant of the species in question as well as 
on the number of plants present, their distance from the site and their method of 
pollination. 

Conclusions 

From the matters which have been discussed, it can be seen that, although the 
evidence is far from complete and is open to more than one interpretation, studies 
of the pollen grains and spores and of the reproductive organs of Azolla filiculoides 
from deposits in the neighbourhood of the River Yarra in Melbourne do give an 
indication of the conditions which probably prevailed there some 8,000-9,000 years 
ago and which may have persisted into much more recent times. The pollen grains 
and spores on which the suggestions regarding the flora and climate are based 
occur at depths of between 1 foot above and 86 feet below sea level, and this depth 
of material can scarcely have been deposited in a short time. 

It appears probable that the climate of the period during which this deposit 
was laid down was somewhat wetter and colder than that of the present day, 

B 
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although it is unlikely that the winters were very severe. Plant communities 
characterised by either tree-ferns, Nothofagns cunninghamii, various genera of the 
Myrtaceae or Casuarina (possibly with Banksia ) grew in the area at that time, 
and there is evidence of a moderately abundant and varied herbaceous flora. Some 
change in the climate or in the structure of the river appears to have taken place 
at the point which marks the disappearance of Asolla, and it is considered that 
this plant, which has been identified as A. filiculoides var. rubra, may be of value 
in zoning the deposit and that its presence may also have wider implications. 
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Explanation of Plates 

All the figures are from untouched negatives 
Plate I 

Asolla filiculoides var. rubra 

Fig. 1.—A megaspore. B. 12. 57-68'. X c. 150. P. 16726.* 

Figs. 2, 3.—Surface of the same megaspore. X c. 800. Fig. 2 at high focus; Fig. 3 at low focus. 
Fig. 4.—Portion of a massula. B. 19. 62-65'. X c. 300. P. 16727. 

Fig. 5.—An entire massula. B. 19. 62-65'. X c. 200. P. 16728. 

Fig. 6.—A single glochidium. X c. 800. 

Figs. 7, 8.—Microspores. B. 12. 57-68'. X c. 800. P. 16729. 

Plate II 

Fig. 1.—Spore from a living specimen of Dicksottia antarctica Labill. X c. 600. 

Fig. 2.—Fossil spore of D. antarctica. B. 19. 74-86'. X c. 600. P. 16730. 

Fig. 3.—Fossil spore of Cyathea australis (R. Br.) Domin. B. 6. 55-56'. X c. 600. P. 16832. 
Figs. 4, 5.—Spores from a living specimen of C. australis. X c. 600. 

Figs. 6, 7.—High focus and optical section of a fossil spore of Todea barbara Moore. B. 6. 
l-9\ X c . 600. P. 16833. 

Figs. 8, 9.—High focus and optical section of a spore from a living specimen of T. barbara. 
X c. 600. 

Fig. 10.—Fossil spore of Phymatodes diversifoliutn (Willd.) Pic.-Serm. B. 6, 55-56' X c. 600. 
P. 16834. 

Fig. 11.—Spore from a living specimen of P. diversifoliutn. X c. 600. 

Fig. 12.—Spore from a living specimen of P. scandens (Forst.) Presl. X c. 600. 


* References so given are the registered numbers in the Paleontological Collection of the 
National Museum of Victoria. 
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FOSSILIFEROUS TERTIARY RESIN FROM ALLENDALE, 

VICTORIA 

By E. Sherbon Hills 
[Read 12 July 1956] 

Introduction 

Some years ago a very large specimen of fossil resin was presented to the 
Geology Department of the University of Melbourne by the Department of Mines, 
Victoria. Impressions of dicotyledonous leaves were visible, some with remains of 
the lamina of the leaf, and it was also noted that well-preserved ants, beetles and 
other small animals were entombed in the outer layers of the resin. This paper gives 
a general account of the geologically significant features of the resin lump, and the 
following short papers by Hickman, Oke, and Womersley describe various fossils 
in detail. A short account of the fossil plants based on examination by R. T. Patton, 
and of the millipedes by O. W. Tiegs is incorporated herewith. 

Provenance of Resin 

In the Annual Report of the School of Mines, Ballarat, for 1894, F. M. Krause 
reported the receipt of specimens of wood and retinite from the Madam Berry West 
Company shaft, Smeaton. It is believed that the specimen of resin here described 
may have been obtained from the same locality at the same time. Watson (1925) 
gives a short account of the specimen which is all that is now known with certainty 
as to its derivation. He says: “The Allendale specimen (of resin) came from the 
deep lead, where part of the formation consists of black clays in which logs still 
retaining their woody structure are occasionally found some 300 ft. below the 
surface and overlain by three flows of basalt.” 

Description of Resin Specimen 

The weight of the lump of resin when it came into my hands was 34 lb. and 
it appeared to be practically complete except for a few small pieces previously 
removed. A lump weighing 9 lb. was broken off, having been selected as promising 
to yield fossils, the remaining portion being preserved intact. 

Composition. J. C. Watson (1925) records the specimen herein described, as 
No. 681/22 “Clear resin with embedded leaves, deep lead, Allendale”, and quotes 
analytical data and physical properties indicating the material to be retinite, 
C11H10O3. 

Specimens were submitted to the Sydney Technological Museum in 1945 and 
were reported on as follows: 

“Melting Point Ca. 130°C.; S.G. 108; acid number, direct, mg KOH/g-128; saponification 
number, mg KOH/g-160; iodine number, Hubl, 20 hours — 140; Liebermann — Storch test, 
rapidly fugitive purple; Halphen-Hicks test, permanent violet coloration; Benzoyl chloride test, 
deep brownish red colour; behaviour in butyl acetate solution under ultra-violet light, pale blue 
fluorescence. The resin belongs to the alcohol-soluble, hydro-carbon-insoluble class, and is 
comparable with the resins of Callitris, Araucaria and Agathis among the living Australian flora.” 

This result suggests that the specimen was derived from Agathis. the Kauri 
Pine, as leaves of this genus are embedded in it, as determined by Dr. R. T. Patton 


15 






16 


E. SHERBON HILLS: 


(q.v. below). The structure of the specimen indicates clearly that it was derived 
from one large living tree. 

Structure. The specimen has definite structures that permit a good deal to be 
inferred as to its origin. 

(a) Flow-layers. On the larger fracture surfaces it is seen that much of the 
mass is made up of a series of distinct flows of resin, each with a cloudy 
base full of wood-dust (doubtless derived from. borers), the amount 
decreasing towards the top of each flow where the resin is clear. The flows 
are of considerable volume (PI. Ill, fig. 2) approximating an inch thick 
for the most part, and thus indicating that the tree possessed reservoirs of 
resin, which from time to time were tapped by borers or flowed at certain 
times after having been previously bored into. 

(b) Resin drips. Much of the outside, and especially the apex of the lump is 
composed of numerous small separate drips of resin averaging a few inches 
in length and indicating, by their rounded fronts, the lower side of the 
lump (PI. Ill, fig. 1.). 



When the specimen is orientated accordingly, one side is seen to be nearly 
vertical, relatively smooth, and gently curved in a vertical plane, no doubt con¬ 
stituting an impression of the bole of what must have been a tree several feet in 
diameter at ground level. At the apex of the specimen, which is well defined, the 
resin drips flowed downwards and outwards so that the lump has a general conical 
shape. 
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Fossils. The 9 lb. fragment was detached from the large lump near the base. 
It was broken up into pieces small enough to be transparent under a beam of light, 
and was examined and prepared by Mr. F. Hallgarten, who extracted the fossils 
by cutting the resin with a hot wire. In this way several fossils were obtained, which 
have subsequently been reported on by the under-mentioned persons, whose assist¬ 
ance is gratefully acknowledged: 

Plants — Dr. R. T. Patton; spider — Professor V. V. Hickman ; millepedes—Pro¬ 
fessor O. W. Tiegs; mite — Mr. H. Womersley; beetles and hymenoptera — 
Mr. C. Oke. Dr. F. H. Drummond also assisted in the preparation of zoological 
material for microscopic examination. 

Not all of the fossils obtained were in a state of preservation sufficiently good to 
warrant their determination in the style currently used for living material, although 
in general the preservation is as good as or better than that of insects in Baltic 
amber. The list is as follows: 


PLANTAE 

1. Agathis material. Green leaf described in an accompanying paper by Dr. R. T. 

Patton. 

2. (?) Genus. Broad dicotyledonous leaf. 

ANIMALIA 

Class Diplopoda (Millipedes)— Spirobolus (?) sp. 

Class Acarina (Mites)— Acronothrus ramus n.sp. 

Class Araneida (Spiders)— Ariadna resinae n.sp. 

Order Coleoptera (Beetles) 

Family Pselaphidae — Eupines setifera n.sp. 

Family Tenebrionidae — Platycilibe brevis Cart. 

Family Scymaenidae (?) Genus 
Subfamily Cryptohychinae (?) Genus 
Order Hymenoptera 

Family Formicidae (ants)— Ponera scitula Clark 

Iridomyrmex sp. 

(?) Family Belytidae 

Ecological Conditions 

The fossils all indicate moist climatic conditions. Agathis today is restricted to 
tropical and sub-tropical regions and the tree that gave rise to the resin was clearly 
large and well-grown. Millipedes are the commonest animal fossils, according with 
a damp environment; the mite belong to a family inhabiting moss or humus, and 
the Coleoptera and Hymenoptera are all types that are to be expected in decaying 
vegetable matter, especially in logs, in a wooded moist environment. 

Thus, despite the presence of living species of insects, which might indicate a 
very young geological age, the climate of the district was very different from that 
of today. Agathis is perhaps the best climatic indicator among the fossils. Its present 
distribution in Australia and New Zealand is tropical and sub-tropical. 

Geological Age 

The age of the Newer Volcanic basalts beneath which the resin specimen was 
found is presumed to range, at various localities, from mid-Pliocene to Holocene, 
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artd the flows about Allendale are not among the youngest of the volcanic suite. 
They might reasonably therefore be regarded as Pliocene or Pleistocene. 

On the other hand, the sub-basaltic fluviatile and lacustrine deposits, including 
the auriferous gravels, are not only older than the basalts but may in places be 
considerably older. A priori one can be no more specific with regard to the geological 
field evidence than to say that the resin was got from Tertiary or perhaps from 
Pleistocene lake or river deposits. 

In the Tertiary floras, as currently known, A gat his is common in the brown 
coal measures, which are Palaeogene, and probably chiefly Oligocene. It has not 
been reported from the Neogene or Pleistocene, but in fact there has been little 
opportunity to undertake careful research on the younger Cainozoic floras. Where 
accurate determination of fossil wood has been carried out, e.g. from the sub-basaltic 
leads at Ballarat and from the Stony Creek Basin at Daylesford, conifers have 
been recognized, but these are undoubtedly not Agathis. They are either Dacrydium 
or Phyllocladus (the woods of which are very similar), suggesting a cooler climate. 
Again, however, the Yallourn coals contain these latter genera as well as Agathis. 
so that inferences as to climate, except with regard to the indications of humid 
conditions, are apparently difficult to draw. 

The preservation of chlorophyll in the Agathis leaf, and the lack of oxidation 
of the resin except around the outside, suggest a younger rather than an older 
age. So also, the presence of living species of Coleoptera and Hymenoptera is an 
indication of youth, though no more than an indication. The only other fossils that 
may have some bearing on the question are PaUimnarchus pollens, a crocodilian 
obtained in a nearby mine from gravels in the deep leads, and Crocodilus porosus, 
from the Loddon valley. These are undoubtedly late Cainozoic yet sub-basaltic, and 
indicative of warm humid conditions in northern Victoria. 

I believe, therefore, that the indications are sufficient to suggest that the resin 
is also late Cainozoic, and therefore that Agathis persisted, if only locally, in Victoria 
from the Lower to the Upper Cainozoic. 


APPENDIX I 

GREEN LEAF FROM FOSSIL RESIN, ALLENDALE, VICTORIA 

By R. T. Patton 

Agathis yallournensis Cookson et Duigan. (PI. IV, figs. 1, 2; PI. V, fig. 1.) 

The leaf, imbedded in the block of kauri-gum, was still green, although the 
chlorophyll was slightly yellowish, and the texture was very similar to the fresh 
material. The first sections were cut by hand. The preservation of the chlorophyll 
was a very remarkable feature. 

In the breaking of the block, portions of the leaf were broken off so that complete 
measurements of it were impossible but it was estimated that the leaf was approxi¬ 
mately 10 cm. long and 1 cm. broad. The leaf was lanceolate and had an entire 
margin. 

Anatomy 

(a) Surface View. 

Upper epidermis . Cells polygonal, irregular in size and shape and ranging from 
triangular to hexagonal. In some parts the cells are arranged in irregular longitudinal 
rows but mostly the arrangement is wholly irregular. Thickness of walls 6//x. 
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Lower epidermis. Stomata either in short irregular longitudinal rows or scat¬ 
tered. Axis very variable but the majority oblique. Stomata surrounded by several 
small cells, mostly four but up to six. Stomata 27//u. in length. Other epidermal 
cells very irregular in size and shape. Walls very much thinner than those of the 
upper epidermis, 3//*. 


(b) Cross Section 

Upper epidermis. Cuticle conspicuously thick 6-9/ p, cells rectangular up to 
twice as long as broad. Hypodermis, one layer, cells elliptical. At times sclereides 
replaces the ordinary cells. Below the hypodermis is a discontinuous layer of 
sclereides. 

Lower epidermis and hypodermis similar to those of the upper surface. Stomata 
at the base of pits formed partly by the depression of the guard cells and partly 
by the projection of the walls of the subsidiary cells beyond the epidermis. The 
projecting walls are surrounded by the cuticle. 

Mesophyll. Vascular bundles conspicuous with strongly developed thickened 
fibres above and below. Bundles spaced at an average distance of 35 mm. Strongly 
developed irregularly branching sclereides are prominent. Secretory canals present. 


Discussion 

The genus Agatliis Dallimore and Jackson (1948) has a fairly extensive range 
extending in an arc from Malay Peninsula through Borneo, Celebes Is., New 
Caledonia to New Zealand. On the Pacific Ocean side of the arc the genus occurs 
in the Phillipine Is., Solomon Is. and Fiji Is. On the continental side of the arc 
are two species in Queensland. All of the species with the exception of the one in 
New Zealand are tropical. The species in New Zealand occur in the extreme 
north of the North Island and may be regarded as a relic. 

The wood of species of Agathis so far examined shows indefinite rings of 
growth and this character is also shown by specimens of Agathis from Yallourn 
brown coal. Associated with the Agathis wood at Yallourn is another wood which 
has very sharply defined rings of growth, as distinct as the rings of the woods of 
Dacrydium and Phyllocladus in Tasmania today (Patton 1927). Similar wood to 
that with the well-defined rings at Yallourn has been found at Ballarat and other 
places (Patton 1928) and this is now referred to the genus Phyllocladoxylon. As 
the present paper shows that Agathis was present in the deep leads, it may be 
assumed that it grew there and that therefore woods with sharply defined and 
ill-defined rings were both present in the leads. 
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APPENDIX II 

REPORT ON MILLIPEDES FROM FOSSIL RESIN, 
ALLENDALE, VICTORIA 

By O. W. Tiegs 

Spirobolus (?) sp. 

The material consists of one specimen measuring some 4 cm. in length, and of 
numerous small fragments. 

In the best specimens, some 39 or 40 segments can be counted, and in places 
the legs are visible. This I have left intact in the resin. 

A second specimen, showing the head and some anterior segments have been 
dissolved out of the resin with alcohol. A photograph of the head showing ocelli 
is given herewith; a second photograph shows the gnathochilarium in ventral 
view (PI. V, figs. 2, 3). 

The general features are consistent with assigning the specimen to the common 
genus Spirobolus ; but it is necessary to emphasize that minute diagnostic features 
whereby modern taxonomy distinguishes Spirobolus from related, less common, 
genera, cannot be made out on the material* so that its precise identification remains 
uncertain. 


Explanation of Plates 

Plate III 

Fig. 1.—Resin lump from deep lead, Allendale, showing drip-structure and orientation of 
specimen. 

Fig. 2.—Part of fractured surface of resin, showing several flow-layers. 

Plate IV 

A gat his yallourneusis 

Fig. 1.— (A) Cuticle, 

(B) Thickened fibres below the vascular bundle, 

(C) Secretory canal, 

(D) Portion of a branching sclereide. 

Fig. 2.—Vascular bundle and thickened fibres. 

Plate V 

Fig. 1 .—Agathis yallourneusis. Lower epidermis. 

Fig. 2 .—Spirobolus (?) sp. Head showing ocelli. 

Fig. 3.—Head showing gnathochilarium in ventral view. 
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A FOSSIL MITE (ACRONOTHRUS RAMUS N.SP.) FROM 
CAINOZOIC RESIN AT ALLENDALE, VICTORIA 

By H. Womersley* 

[Communicated by Professor E. S. Hills, 12 July 1956] 

For the opportunity of studying the single specimen found in the block of 
retinite from Allendale, Victoria, I am indebted to Prof. E. S. Hills of the Geology 
Department of the University of Melbourne. 

The mite found belongs to the family Camisiidae (Oribatei), or Moss mites as 
they are popularly called in America. The Acarina of themselves are an archaic 
group of the Arachnoidea and probably the Oribatei is as archaic a group as any. 

The species represented by the single example so far found in this fossil resin 
belongs to a living genus of which four or five species are known. 

The Oribatei in general are moss or humus inhabiting mites, and such a habitat 
would doubtless account for the imprisonment of the specimen as the resin collected 
on exudation from trees. 

The actual species would appear to be very close to A. cophinarius Michael from 
New Zealand agreeing in the single pair of 3-branched posterior apophyses, although 
Michael’s figure shows the 2 basal branches on each apophysis as longer than in 
the new species, and apparently arising more from the body than from the main 
stem of the apophysis. Similarly the apophyses on the legs are relatively longer in 
cophinarius. The pseudostigmata appear from Michael’s figure to be very much 
nearer together than in the new species. Interlamellar setae are not shown in 
Michael’s figure, nor does he refer to them in his description, but they are present 
in the new species arising from a short tubular horn, as in Jacot’s Marquesan 
species. 

Superfamily Oribatei 
Family Camisiidae 
Subfamily Camisiinae 
Genus Acronothrus Berlese 

Acronothrus Berlese 1916 Redia 12, 65; Jacot 1934. Pacific Entom. Survey, 
Publ. 7, art. 17. 

Berlese did not define this genus,- but erected the name only for Michael’s species 
Nothrus cophinarius from New Zealand. Jacot (loc. cit.) gave a generic diagnosis 
as follows: 

“Characters: Camisiinae with adanal covers distinct; anterior and posterior plates fused, 
parasterna and aggenital plates fused but distinct from the notogaster; pseudostigmata large, 
organs short, globular, not or barely protruding from pseudostigmata; rostrum entire. 

Type, Nothrus cophinarius Michael: Linn. Soc. London, Jour., Zool., vol. 30, p. 142, pi. 19, 
figs. 13-16, 1908.” 

In the genus are also included Nothrus unguifera Michael 1908 from New 
Zealand, A. nukuhivae Jacot 1934 and A. nukuhivae hivaoae Jacot 1934 from the 

* Entomologist, South Australian Museum. 
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Marquesas, while Berlese referred his Neoliodes americanus and Nothrus alluaudi, 
the latter from oriental Africa, here. 

Acronothrus ramus n.sp. 

Description. Adult ? female: Length 700 jx, width 375/x; colour when freed 
from exuviae and debris brown; rostrum produced with slightly concave apex, the 
lateral corners produced as rounded knobs each with a short and rather stout seta; 
lamellae not very prominent, practically undeveloped, ending lateriorly in a long 
tubular horn-like apophysis from which arises a long inwardly curved, indistinctly 
barbed seta; interlamellar setae inserted on a short horn-like apophysis (setae 
themselves wanting in the specimen) ; pseudostigmata round, the head of the 
sensillae globular and scarcely protruding from pseudostigmata; medially on 
the proterosoma between the lamellae, the cuticle is tuberculate (cf. Fig. 1 A). 
Hysterosoma oval, deeply concave or depressed dorsally with a strongly chitinised 
lateral ridge; with eight short setae as in Fig. 1 A; subposteriorly with a pair of 
short apophyses from which arise long curved, barbed setae; posteriorly with two 



Fig. 1. —Acronothrus ramus, n.sp. 
nr. cophinarius Michael. 
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triramous apophyses with 3 long curved barbed setae; posteriorly the cuticle is 
punctate. 

Legs strong, I 600/* long, II 525/*, III 480/*, IV 600/*; all segments with 
apophyses bearing curved setae, those setae on basal segments barbed, the others 
shorter and finely ciliated (cf. Fig. 1 C, D); claws trihomohamate. 

Ventral surface as in Fig. 1 B, genital plates large, median edge with 6 setae 
on each side; anal plates larger than genital with setae as figured; posterior with 
a pair of short curved setae on short tubercles; the setae on the sternal and 
parasternal plates are difficult to see but appear to be as shown, parasterna I 
appears to have only 1 seta, although Jacot states that 3 is the normal number 
in the genus; the inner edge of parasterna I and II are relatively well defined; 
on the inner edge of parasterna III is a short tubercular apophysis which probably 
carries a curved seta, but the latter is missing on both sides of the specimen. The 
mouthparts are not easy to define without dissection; the mandibles are normal, 
stout and with serrate chelae; the galea also appear to be toothed with a subbasal 
inner seta; the palpi appear four-segmented, the apical segment with a number of 
stout spine-like setae. 

Locality. A single specimen from a 34 lb. lump of fossilised resin (retinite) 
from a deep lead at Allendale, Victoria t of probable Upper Tertiary, may be 
Pliocene age. 

The specimen was dissolved out of the resin with alcohol, and the mounted 
slide is in the Geology Department of the University of Melbourne [Reg. No. 1977]. 
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A FOSSIL SPIDER FROM TERTIARY RETINITE 
AT ALLENDALE, VICTORIA 

By V. V. Hickman* 

[Communicated by Professor E. S. Hills, 12 July 1956] 

The following account deals with a fossil spider found in a lump of retinite 
from a deep lead at Allendale, Victoria. The geological age of the material is 
thought to be Upper Tertiary and may be Pliocene. I am indebted to Professor 
E. S. Hills and Professor O. W. Tiegs for the opportunity of examining the 
specimen, which is preserved in the Geology Department, University of Melbourne 
[Reg. No. 1978]. 

Unfortunately the spider is not complete. The cephalothorax, chelicerae, pedi- 
palpi, and second, third and fourth legs of the right side are well preserved, but the 
fracture surface of the piece of retinite has passed through the other appendages 
and has cut off the distal podomeres, which, with the exception of the tip of the 
tarsus of one of the front legs, are lacking. Moreover the abdomen is shrivelled 
and cannot be seen clearly. A photograph of the spider in situ in the retinite is 
shown in Plate VI. 

The spider is a male specimen belonging to the genus Ariadna and is the first 
fossil spider to be recorded from Australia. The name Ariadna resinae is proposed. 

In the recent fauna of Australia and other parts of the world the genus Ariadna 
is represented by a number of species. One has been recorded from Victoria and 
three from Tasmania. Others are known to occur in South Africa, Ceylon, Japan, 
Brazil and elsewhere. No member of the genus has been previously recorded as a 
fossil. However, the closely related genus Segestria is represented by several fossil 
species found in Baltic Amber of the Oligocene Period. 

Spiders belonging to the genus Ariadna live in long slender silken tubes, which 
they construct in holes and crevices of trees, in the ground or under stones. During 
the late autumn and winter months the males often leave their tubular nests and 
live a wandering existence. This fact suggests that it may have been autumn or 
winter when the spider under consideration was engulfed in the liquid resin, which 
later became converted into solid retinite. 

The systematic description of the specimen is as follows: 

Order Araneae 
Family Segestriidae 
Genus Ariadna Audouin, 1825 
Ariadna resinae sp. nov. 

Male 

Colour. Carapace, chelicerae, maxillae and labium dark brown. Legs, pedipalpi 
and sternum a lighter shade of brown. 

Carapace oval in shape, 3 20 mm. long, 2 08 mm. wide between second and 
third coxae. Thoracic groove small and longitudinal. Sides of carapace gently 
rounded. Surface clothed with short hairs. 

* Ralston Professor of Biology, University of Tasmania. 
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Eyes. Six, oval in shape, equal in size and arranged in three pairs, the two 
eyes of each pair being contiguous (Fig. 1 A). The width of the eye-group measures 
093 mm. The median eyes and the posterior lateral eyes form a slightly recurved 
row. The distance separating the median eyes from the lateral eyes is about equal 
to the long diameter of a median eye. The distance of the median eyes from the 
margin of the clypeus is about twice the diameter of a median eye. 



C B 


Fig. 1. —Ariadna resinae sp. nov. 

A. Eye-group. 

B. Front view of chelicerae. 

C. Maxillae and labium. 

D. Prolateral view of pedipalpus showing the genital 
bulb and the spiral receptaculum seminis within it. 

Chelicerae 116 mm. long, conical, clothed with short hairs. Promargin has a 
row of three small teeth. The retromargin cannot be clearly seen. Fang short and 
curved. (Fig. 1 B.) 

Maxillae long, narrow, almost parallel and extending slightly beyond the 
chelicerae. Scopula on the inner margin near apex. (Fig. 1 C.) 
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Labium longer than wide, surpassing the middle of the maxillae. Sides rounded. 
Apex narrow, truncated and slightly emarginate. (Fig. 1C.) 

Sternum oval, much longer than wide and narrowed in front to width of labium. 
Surface clothed with a few short hairs. 

Legs. As is usual in spiders of this genus the third pair of legs as well as the 
first and second pairs are directed forwards, the fourth pair backwards. Tricho- 
bothria, scopula and claw-tufts wanting. Three tarsal claws present. The upper 
claws have six teeth. The lengths of the segments of the legs and pedipalpi are given 
in millimetres in the following table: 


Leg 

Femur 

Patella 

Tibia 

Metatarsus 

Tarsus 

Total 

1 

319 

p 

? 

? 

? 

? 

2 

2-96 

1 16 

2-84 

2-78 

116 

10-90 

3 

1 86 

M0 

1-80 

1-86 

0-87 

7-49 

4 

2-90 

104 

2-32 

203 

0-98 

9-27 

Palpi 

0-93 

0-46 

0-69 

— 

0-64 

111 


In the case of the first pair of legs all segments except the femora are lacking. 


Spines. First leg —Femur-dorsal 1-1-1 small spines, prolateral 2 near apex, 
elsewhere 0. Other segments missing. Second leg —Femur-dorsal 0-1-0. Tibia- 
prolateral 1-1-1, ventral 2-2-2-2. Elsewhere 0. Third leg —Femur-dorsal 1 near 
middle. Tibia-ventral 1-1-1. Elsewhere 0. Fourth leg —Femur-dorsal 1-1 in basal 
half. Tibia-prolateral 1-1. Elsewhere 0. All spines are very small. It is probable 
that some have been dislodged or rubbed off during the spider’s struggles in the 
liquid resin. 

Palpi. The form of the right palpus is shown in Fig. 1 D. The tibia is somewhat 
swollen. A small spine is present on the dorsal side of the femur near the middle. 
Elsewhere spines are absent. The genital bulb is pyriform with its apex produced 
into a fine point, the tip of which is curved round in the form of a short hook. The 
spirally coiled receptaculum seminis inside the bulb is clearly visible. 

Abdomen. As mentioned above the abdomen is so shrivelled that it is impossible 
to see its features. 
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Plate VI 

Photograph of Ariadna resinac, in situ in retinite. X 5. 
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FOSSIL INSECTA FROM CAINOZOIC RESIN 
AT ALLENDALE, VICTORIA 

By Charles G. Oke 

[Communicated by Professor E. S. Hills, 12 July 1956] 

Family Pselaphidae 

Eupines setifera n.sp. 

Dark castaneous; legs, palpi and antennae reddish-castaneous, with the club of 
the antennae darker than the other segments. 

Head subquadrate, depressed in front, with two large interocular foveae placed 
close to the eyes, where there are also a few short setae. Antennae with first segment 
a little longer than usual; second cylindric, thinner and shorter than first; third 
obconic, thinner but nearly as long as second; fourth to eight moniliform; ninth 
transverse, much wider than eighth; tenth larger, trapezoidal; eleventh largest, 
irregularly ovate-truncate; sparsely setose. Prothorax subcordiform, widest at 
apical fourth, where there are three long setae on each side. Elytra a little longer 
than usual, sutural striae well defined; shoulders rounded off and with one long 
seta and a few punctures on each. Abdomen convex; first segment very long, about 
as long as following segments combined; impunctate; flattened but not excavate on 
ventral surface. Under surface of head with one distinct carina. Metasternum long, 
strongly convex in middle, lightly excavate posteriorly. Under surface with short 
and rather sparse pubescence. Legs a little longer than usual; without spines; front 
tibiae lightly angulate towards apex. Length, 1 60 mm. (circa). 

This species agrees in all essential characters with typical members of the 
genus, but differs from them in having the elytra and first abdominal segment a 
little longer and from all described species by the long (fixed) setae on prothorax 
and elytra. 

The excavation of the sternum is not as strong as in most males and the flattening 
of the abdomen is only very slight, so that it is difficult to be certain of the sex of 
the type, but I believe that it is a male. 

lype in Geology Department, University of Melbourne, Reg. No. 2493. 

Family Scydmaenidae 

There was a fairly large sized species (circa 3 mm.) belonging to this family, 
but as its prothorax is missing it cannot be described. 

Having widely separated hind coxae, with three segmented labial palpi and 
the two mandibles alike, would place it in the genus Megalederus in the table of 
Australian genera given by Rev. R. L. King, but the species of that genus are all 
very small. 

Family Tenebrionidae 

Platycilibe brevis Cart. 

A fairly well preserved specimen of this species, though much bleached, was 
found embedded in the resin. The species lives in old rotting logs and is naturally 
black, or almost so, but I have found old dead specimens in a log that had bleached 
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Fig. 1.—1. Eupines setifera n.sp. 

2. Antenna from the side. 

3. Maxillary palpus. 

4. Maxillary palpus of the Scydmaenid. 

to a pale yellow and this one is in that condition. The species has been taken in 
the Gippsland Hills in Victoria, and on Mt. Wilson and Mt. Royal in New South 
Wales. 

Family Curculionidae 
Subfamily Cryptocorrhynchinae 

A moderate sized specimen belonging to this subfamily was also obtained. It 
is densely clothed with large, variegated scales, which still retain their colour, but 
I cannot match it with any weevil known to me. Unfortunately its antennae and 
tarsi are missing, so that it cannot be further dealt with now. 

Order Hymenoptera 
Family Formicidae 
Ponera scitula Clark 

A specimen of this species in fairly good condition. 

Iridomyrmex sp? 

A specimen of a small blackish species of this genus, but too damaged for 
confident identification. 
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Family Belytidae 

Parts of a damaged specimen probably belonging to this family were found in 
the resin, but unfortunately they are not sufficient to indicate the genus. 

Remarks 

The conditions under which this resin was deposited were probably warm but 
moist. 

Some species of Eupines and allied genera occur in the dry parts of the inland 
region, but the majority of them prefer the moist valleys and the wooded slopes of 
hills, often being found on, and in, decaying logs. The species of Scydmaenidae 
are mostly found in similar conditions, Platycilibe are definitely confined to moist 
decaying logs and the weevil would almost certainly live in a fairly moist place. 
And the same could be said of the Hymenoptera. 
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FOSSIL WOOD REPLACED BY LAUMONTITE 
NEAR CAPE PATERSON, VICTORIA 

By Edmund D. Gill, b.a., b.d., f.g.s.* 

[Read 12 July 1956] 

Abstract 

Lower Jurassic carbonized wood from Gippsland, Victoria, has been largely replaced by the 
mineral laumontite, a zeolite which occurs as spheres of radiating acicular crystals which have 
replaced the fossil wood. In all cases, a shell of carbonaceous material remains. The altered wood 
has been found at only one locality. Two possible origins of the laumontite are indicated. 

Occurrence 

In the shore platform of the bay immediately east of Point Gregory on the 
Inverloch-Cape Paterson coast, and north of the rock stack shown in Fig. 1, 
numerous pieces of fossil wood replaced to a considerable degree by the zeolite 
mineral laumontite occur in the Jurassic sediments forming the coastal cliffs. The 



Fig. 1. —Locality plan showing occurrence of Jurassic wood replaced by laumontite. 

Based on military map. 

occurrence was discovered by Mr. A. A. Baker, who guided the author to the 
site. The largest piece of altered wood collected intact is shown in Plate VII. This 
specimen was collected by Mr. Baker, who kindly presented it to the National 
Museum of Victoria (Reg. No. P 15681). In addition to the piece figured, there is 
a smaller piece therefrom about 6 in. long (P 16142). The matrix is arkose of 
Lower Jurassic age (Medwell 1954). 

The laumontite occupies the middle of the pieces of fossil wood (see Plate VII). 
A large number of pieces was collected, and all had laumontite in the middle with 

* Curator of Fossils, National Museum of Victoria. 
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carbonaceous material round the outside. In no specimen was the wood totally 
replaced by the zeolite, nor was the mineral recognized in hand specimen anywhere 
else at this locality except in the fossil wood. None was seen in joint planes, although 
a specimen showing such an occurrence at San Remo is in the National Museum 
collection. At Point Gregory the centres of crystallization seem always to have been 
established in the fossil wood. Probably it provided more space for crystal growth 
and/or the mineral had some affinity for the carbonized material. 

Description 

At first the zeolite was thought to be stilbite, but X-ray and detailed optical 
work carried out by Dr. J. McAndrew, Mineragraphic Section, C.S.I.R.O., Mel¬ 
bourne, has shown it to be laumontite. The piece of wood figured in Plate VII is 
11 in. long and 1£ to 1£ in. in diameter, with a projection at one end which is a 
branch or root. The laumontite is in crystalline form, appearing on the broken 
surfaces as a series of rosettes which vary in diameter from £ to 2 in. The rosettes 
in any given piece of wood are mostly of the same size, and are made up of radiating 
aggregates of whitish crystals showing pearly lustre and good cleavage. Although 
the radiating crystals have the appearance of rosettes on the broken surfaces, the 
examination of cross-sections shows that the bunches are actually spherical in 
shape. The individual crystals are up to an inch long, and 2 mm. mide at their outer 
extremities. The perimeters of adjacent rosettes are intergrown, carbonized 
material occupying the interstices. 

Samples of the wood were sent to Dr. J. A. Dulhunty of the University of 
Sydney, with the request that he examine the carbonaceous material. He kindly 
commented as follows: 

“The specimens of wood show a fine outer layer of bright coal from 1 mm. to 2 mm. thick. 
The rest of the fossil wood, apart from the spheres of radiating laumontite, consists of earthy 
carbonaceous material. It would appear that before alteration, the fossil wood consisted of an 
external layer or skin of vitrain enclosing carbonaceous stony material. This is quite common 
in coal-measure sediments, and it appears to have resulted from the preservation of outer layers 
of bark and the replacement of inner wood by mineral matter—in other words, coalification of 
bark and petrification of the inner wood. The elliptical cross sections of the specimens suggest 
that petrification of the wood took place some time after deposition when a light weight of 
overlying sediments had accumulated but before any appreciable compressional force had 
developed. The outside vitrain skin is similar to normal coal but the inner carbonaceous material 
differs in so much that it is an inorganic replacement of the wood rather than a coalification. 
The difference between the inner carbonaceous material and the normal coal is a consequence 
of defective preservation following burial, due to the fact that the pieces of wood wlere not 
situated in a true coalification environment which normally develops within a coal seam. It 
follows that the difference is not simply due to replacement by laumontite.” 

Genesis 

There appear to be two possible explanations of the origin of the laumontite. 

1. Hydrothermal solutions. In early Tertiary time there was an extensive 
vulcanism in the area concerned, and a number of volcanic necks remain (Edwards 
1934). It is possible that solutions containing sodium, calcium, alumina and silica 
invaded the Jurassic sediments in places. From one volcanic neck in the Cape 
Paterson area laumontite, heulandite and siderite were obtained. However, the 
occurrence of laumontite described in this paper, and that recorded from San Remo, 
are not contiguous with any of the known volcanic necks. On the other hand, 
such necks could exist under the sea, or inland under the screen of younger rocks. 

Udluft (1926) has described fossil wood replaced by the zeolites mesolite and 
apophyllite (in that order) in basaltic tuff on Mt. Elgon in British West Africa. 
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As with the fossil wood from Victoria, “the outer portions of the wood have never 
been destroyed but are always preserved, sometimes however to a small depth 
only” (translation). Udluft visualized the wood being dehydrated by heat and 
thus making room for the zeolites. 

2. Decomposition of Felspar. The matrix is arkose, rich in felspar (Edwards 
and Baker 1943), and the zeolite could have originated from the breakdown of 
felspar. In this connection, the observation of Edwards and Baker (1943, p. 200) 
on a cementing material found in the arkose may be significant, viz. 

“In many sections the margins of the grains and the chlorite areas are outlined by a narrow 
rim of a colourless, anisotropic material. This mineral has a refractive index distinctly lower 
than chlorite, and slightly lower than that of the felspars. Its birefringence is similar to that of 
the felspars, into which it often appears to merge. Occasionally it forms minute spherulitic 
growths, and in one section it was observed filling the cells of a fragment of wood. The closeness 
of its refractive index to that of the felspars suggests that it is authigenic albite, but it may 
be a zeolitic substance.” 

There is a considerable possibility, therefore, that the laumontite resulted from 
the infiltration of the wood by solutions derived from the enclosing arkose during 
its diagenesis. 
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Plate VII 

Wood replaced by laumontite in Lower Jurassic freshwater arkose from 
near Cape Paterson, Victoria. — L. A. Baillot photo. 
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ABNORMALLY HIGH TIDES IN THE PORT OF MELBOURNE 
By J. E. Bradley, l.s., f.v.i.s. 

[Communicated by E. D. Gill, 12 July 1956] 

Abstract 

In a period of over twenty years there have been three occasions on which the tide in the 
port of Melbourne has risen more than 5 ft. above Admiralty Datum. It is shown that one 
condition for such high tides is the passage of an intense depression from the Great Australian 
Bight south of Victoria. 

Introduction 

The tidal records of the Melbourne Harbor Trust have been examined to 
determine the frequency of occurrence of abnormally high tides. The meteorological 
conditions under which these high tides occurred have been investigated. Such 
abnormally high tides must be considered in the design of structures to combat 
coastal erosion. When they occur at the same time as heavy rains, flooding in some 
low areas near the River Yarra occurs because the tide restricts the flow of flood 
water and tide-affected water backs up through drain outlets. 

Tide Records 

From November 1934 to April 1956 there have been four records of high 
water more than 5 ft. above Admiralty Datum (R.L. 0T9 on Melbourne and 
Metropolitan Board of Works Datum). Two of these were successive high waters. 
The following table gives particulars of these four high tides: 


Table 1 



30 Nov. 1934 

1 Dec. 1934 

8 Aug. 1955 

17 Apr. 1956 

Time of highest level .. 
Maximum height above Ad¬ 

21 00 

915 

18-55 

19-20 

miralty Datum. 

Mimimum barometric press¬ 
ure at Melbourne prior to 

6' 4i" 

6' 3" 

5'2i" 

5' 4" 

highest tide (in.) .. .. 

Estimated barometric press¬ 
ure at centre of depres¬ 

29 37 

29 37 

29-05 

29-41 

sion (in.). 

Maximum height of water 
level at entrance to Vic¬ 

29 00 

29 00 

29-00 

28-95 

toria Dock. 

6'5" 

6' 3" 

5' 5" 

5' 9" 


The tide heights recorded at Williamstown by the automatic tide gauge are 
shown for these occasions in Figs. 1, 2 and 3. 

Meteorological Conditions 

Each of these abnormally high tides was associated with the passage of an 
intense barometric depression through Bass Strait, over Tasmania and to its south, 
when very stormy conditions prevailed for several days. The values given for the 
minimum barometric pressure at the centres of the depressions are taken from 
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Fig. 1.—Tides on 30 November 1934 and 1 December 1934. Full line shows height of 
water at Breakwater Pier, Williamstown, and dotted line height at Victoria Dock. 
Barometric pressure (in. of mercury), wind speed (statute m.p.h.) and wind direction 
at Melbourne Weather Bureau are shown at the foot of the graph. 
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water Pier, Williamstown. 

the charts issued by the Melbourne Weather Bureau and are all about 29 in. of 
mercury. They are, of course, estimates based on the available observations. 

The track of these depressions is approximately a general line from near Albany, 
Western Australia, to Tasmania and Bass Strait. As they arrive off western 
Victoria, Melbourne experiences a freshening northerly wind quickly reaching gale 
force, then changing to westerlies with gusts of 50-60 m.p.h., backing gradually 
SW and S and then abating. The minimum barometric pressure in Melbourne 
during the passage of such a depression is between 29T and 29-4 in., depending 
on the intensity of the depression and the proximity of its centre. 

The height of the tide at Melbourne is related to the height of the water level 
in Bass Strait near Port Phillip Heads. For a high water rising to near or over 
5 ft. above Admiralty Datum at Williamstown, compared with a normal high water 
which has a height of about 2 ft. 6 in. above datum, there must be a sufficient rise 
in level in the waters of Bass Strait to cause enough water to be discharged through 
the Heads into Port Phillip to raise the general level of the waters some 2 or 3 ft. 
Theoretically a stationary depression over the open ocean should cause the sea to 
rise 13 in. for each drop of 1 in. of mercury in the atmospheric pressure. This 
inverted water barometer effect is not sufficient to explain the rises in water level 
which occur. In fact, however, the depressions travel in an easterly direction at a 
rate of some 500 m. per day over the ocean, and the sea bed suddenly rises from 
2,000 ff. to 50 ff. in a comparatively short distance west of Tasmania and Bass 
Strait. Under these conditions greater rises in sea level are to be expected. Thus 
it seems that the meteorological conditions for the occurrence of abnormally high 
tides are that a deep barometric depression (pressure at centre about 29 in.) should 
pass from the Great Australian Bight to somewhere near Tasmania. 

To investigate the possibility that a very low barometer reading at Melbourne 
might be a sufficient indication of these meteorological conditions an examination 
was made of all very low readings which occurred between 20 September 1943 and 
1 October 1953. Each of the fifteen lowest readings was tabulated with the height 
of the highest high water following. It was found that although the high tides 









































































40 


J. E. BRADLEY: 

recorded were all higher than normal, none rose over 5 ft. In fact, the lowest 
barometer (29 043 in. on 11 October 1948) was accompanied by a tide of only 
3 ft. 1 in. The weather chart for this occasion shows that the centre of the depres¬ 
sion passed over Melbourne. As has been shown, abnormally high tides are to be 
expected when an intense depression is centred near Tasmania. The pressure at 
Melbourne is inadequate as an indication of this situation. 

Storm Surges of Short Duration 

Fig. 4 shows the effect of a sudden change of wind from N to S. One and a 
half hours after the wind changed at Williamstown the tide rose 1 ft. 5 in. in 
30 min. and then fell 1 ft. 1 in. in 55 min. If such a surge coincided with the 



Fig. 4.—Storm Surge, 28 November 1954. 
Graph reads from right to left. 


peak of a tide it could cause a very high tide of short duration. Storm surges 
travel at a speed of about 400 nautical m.p.h. in 2,000 ff., but their speed in 
Bass Strait is reduced to about 50 nautical m.p.h. because of shoaling. In Port 
Phillip the speed is further reduced to about 20 to 30 nautical m.p.h. depending 
on the depth. 

There is also at times a seiche effect inside Port Phillip with an amplitude 
about 6 in. to 9 in. and a period approximately 2 hours. These oscillations can, 
under certain phase conditions, increase the height of the tide for a short period. 
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ON SOME AUSTRALIAN TERTIARY SPORES AND POLLEN 
GRAINS THAT EXTEND THE GEOLOGICAL AND GEOGRAPHICAL 
DISTRIBUTION OF LIVING GENERA 

By Isabel C. Cookson* 

[Communicated by Dr. Suzanne L. Duigan, 13 December 1956] 


Summary 

Six distinct fossil spore types referable to Schisaea, three from the Lower Eocene of south¬ 
eastern Australia and three from Upper Pliocene coals of Papua, have been described; their 
affinities have been discussed. 

The pollen of an Australian Eocene species of Ephedra has been described under the name 
Ephedra notensis. A new species of Dacrydiumites, D. balmci, has been instituted. 

Pollen grains of the living genera Alangium and Amylotheca have been recorded from Upper 
Pliocene coals of Papua. 

Introduction 

Only a comparatively small proportion of the spores and pollen grains contained 
in Australian and Papuan deposits have as yet been classified (Cookson 1946, 1950, 
1953a and b, 1954; Cookson and Pike 1953, 1954a and b). Of those already 
described some have been related to living species and have thus provided useful 
phytogeographical information that otherwise might not have been available. Others 
not so well characterised, or without living counterparts, have proved of strati- 
graphical interest. 

The present paper is concerned with further examples of both categories 
obtained from two sets of deposits, one in Papua, the other in south-eastern 
Australia. 

The Papuan types were recovered from Pliocene (probably Upper) hard brown 
coal seams that outcrop in creek-beds situated near the eastern and north-eastern 
margins of the Kikori-Purari delta. The Australian types were isolated chiefly from 
Early Tertiary estuarine deposits (Nelson Bore, Moonlight Head-Princetown 
district) and brown coals (Eastern View and Benwerrin) in south-western Vic¬ 
toria, early Tertiary beds in south-eastern Victoria and at Cootabarlow and Canopus 
Station in South Australia. For further details regarding the individual localities 
mentioned in this paper see Cookson and Pike (1954b) and Deflandre and Cookson 
(1955). 

Whilst the system of nomenclature used in the present paper is essentially the 
same as in previous ones, it has become apparent from contact with overseas 
palynologists, that there is a general feeling that spores and pollen should be treated, 
like other plant organs, as form and organ genera and species rather than as 
sporotypes and sporomorphs (Erdtman, 1947). Following a letter from Dr. Alfred 
Traverse giving the substance of recent American discussions on this subject, I have 
decided to conform to the opinion of the majority and to abandon the use of the 
terms sporotype and sporomorph. 

* Botany Department, University of Melbourne. 
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Description and Distribution of Fossils 

PTERIDOPHYTA 
Order Filicales 
Family Schizaeaceae 
Genus Schizaea Sm. 

Very little is known of the past history of the genus Schizaea, and what informa¬ 
tion there is has been derived from spore occurrences. The spores of many species 
have distinctive types of exospore sculpture which, when taken in conjunction with 
their bilateral, monolete form, provide a reliable basis for the reference of dispersed 
fossil spores to Schizaea. 

Selling (1944) has critically discussed earlier references to schizaeacous remains, 
and has, himself, unqualifying referred two types of fossil monolete spores to 
Schizaea. One of these, S. miocenica from the Lower Miocene of Germany, has an 
alveolate exospore structurally similar to that of the living North American species 
.S'. pusilla Pursh. The other, S. skottsbergii, and its variety mauiensis form the late 
Quaternary peats of the Hawaiian Islands, also have the characteristic S*. pusilla 
type of exospore. Both the Hawaiian spores are larger and have wider alveoli than 
either S. miocenica or the spores of S. pusilla. At the same time, Selling described 
two fossil monolete types with longitudinally ridged exospores under the names 
Schizaea (?) palaeocenicus and Schizaea (?) eocenicns respectively, thereby 
demonstrating the occurrence in European Paleocene and Eocene deposits of spores 
morphologically not far removed from those of such living species as Schizaea 
laevigata Mett, and Schizaea digitata (L.) Sw. Recently these fossil species were 
transferred to the form genus Cicatricosa Thoms, and Pflug by Krutzsch (1954) 
who associated them with two additional species C. cretacius Krutzsch and C. 
virgatus Pflug. 

Finally spores from Lower Miocene to Pleistocene deposits in New Zealand have 
been compared by Couper (1953) with those of Schizaea fistulosa Labill., a com¬ 
ponent of the present New Zealand flora. 

No records of the fossil occurrence of Schizaea in the Australian region are 
known. The recovery from Early Tertiary deposits in south-eastern Australia and 
from Upper Pliocene coals of Papua of spores more or less comparable with those 
of living species now foreign to those areas is, therefore, of some interest. Six types 
have been distinguished, three from the Australian and three from the Papuan 
deposits. 

Schizaea reticulata n.sp. 

(Holotype, PI. VIII, figs. 1, 2) 

Description. Spore large 75 x 60 /a in obliquely lateral view, bilateral, monolete 
scar inconspicuous, extending almost to the margin. Exospore not thickened in the 
region of the scar, reticulate, lumina c. 2 6 /x high and c. 2-2 5 /x wide, polygonal, 
muri relatively thin c. 1/x. 

. Occurrence. Nelson Bore, Victoria, at 3874 ft. (Paleocene). 

Comments. The single specimen upon which this species is based superficially 
resembles the spores of Schizaea pusilla, S. miocenica and S. skottsbergii. However, 
the complicated exospore structure described by Selling for 5. pusilla and seen by 
him in S. miocenica and 5\ skottsbergii does not exist in Schizaea reticulata. A 
careful comparison of the latter with acetolysed spores of S. pusilla (Nova Scotia: 
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By Tiberts Lake, Freeport, 28/8/1921, Fernald and Long 401. Ex Herb. Hot. 
Bot. Reg., Kew) has clearly shown that the exospore of N. reticulata is of a simpler 
and possibly more primitive type of construction than that of S. pusilla. 

Schizaea fromensis n.sp. 

(Holotype, PI. VIII, fig. 3) 

Description. Spore 70 x 50 /x in lateral view, monolete scar rather prominent 
extending for about three-quarters of the length of the longest equatorial diameter; 
exospore c. 2 6 /x thick, reticulate, lumirta polygonal to round c. 15 u, muri 
relatively wide. 

Occurrence. Cootabarlow Bore near Lake Frome, South Australia, at 559 ft. 
(Eocene). 

Comments. The mesh of the exospore reticulum of S. fromensis is smaller than 
that of o. reticulata, otherwise the structure of the exospore seems to be the same 
in both types. 


Schizaea albertonensis n.sp. 

(Holotype, PI. VIII, fig. 4) 

Description. Spore large 61-71 /x x 40-50 /x in lateral view, holotype 70 x 43 /x, 
bilateral, monolete scar bordered on either side by a ridge that extends for about 
three-quarters of the longest equatorial diameter. Exospore finely and closely 
reticulate, lumina c. 1 /x, muri narrow, composed of small columns separated by 
minute radiating channels. 

Occurrence. Parish of Alberton West, south-eastern Victoria. Victorian Depart¬ 
ment of Mines Bore No. 137 at 160 ft. (probably Lower Eocene). 

Comments. Schizaea albertonensis is of special interest in that the exospore 
structure approaches that of the living species S. pusilla and the two fossil species 
6. skottsbergu and S. miocenica. However, the mesh of the exospore reticulum of 
S. albertonensis is less than half that of S. pusilla and the muri are appreciably 
narrower. Consequently, the minute structure is less clearly visible than it is in 
S. pusilla and, as far as can be judged from Selling’s descriptions, in S. skottsbergii 
and 6. miocenica. A further link with these species is provided by the thickened 
ridges associated with the monolete scar. 

S. albertonensis can be distinguished from N. reticulata and S. fromensis , the 
two Australian fossil species just described, by its distinctly finer reticulum and 
more complicated wall structure. 


Schizaea punctata n.sp. 

(PI. VIII, figs. 5-7; holotype, fig. 5) 

Description . Spores large 62-83 x 32-55 /x in lateral view, bilateral, monolete. 
Exospore c. 2 /x thick, deeply pitted, not thickened in the region of the scar, which 
extends almost to the margins. 

Occurrence. Pliocene coal from Shu Creek, Papua (Australasian Petroleum 
Company s sample No. 511), and from the same sequence in the Era River, several 
miles east of the Shu Creek exposure. 
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Comments. The sculpture of this species is essentially similar to that of two 
tropical American species, 5. pennula Sw. and S. germani (Fee) Prantl. (Selling, 
1944, p. 41). However, comparison with acetolysed spores of S. pennula (Est 
Amazonas; Porto Curuchy, Rio Negro. 6/10/1945 coll. R. de Lemos Fraes 21113. 
Ex Herb. Hort. Bot. Reg., Kew) has shown that in S. punctata the pits are more 
closely crowded than they are in 5*. pennula. The spores of S. punctata are larger 
than those of either S. pennula or S. germani. 

Schizaea papuana n.sp. 

(PI. VIII, figs. 8-12; holotype, fig. 9) 

Description. Spores 24-47 x 44-80 /x in lateral view (Type, PI. VIII, fig. 9, 
47 x 70 /m), scar inconspicuous. Exospore with narrow, unevenly thickened, longi¬ 
tudinally or somewhat obliquely placed ridges, 15-5 /a high, the wider portions 
between the ridges faintly granular, sometimes the ornamentation, although linearly 
arranged, has an almost verrucose appearance. 

Occurrence. Pliocene coals from Shu Creek, Era River and the Orloli region, 
Papua. 

Comments. Schizaea papuana has been common in all the Pliocene Papuan coals 
examined. It is distinct from the spores of those of the living species of Schizaea 
described by Selling (1944), and its affinity with this genus is less certain than 
that-of the preceding species. Furthermore, it is possible that spores of two species, 
one with practically complete ridges, the other with an almost verrucose exospore, 
have been included in 5”. papuana. However, both types occur in the same deposits 
and structurally seem to merge into one another, so that, as the figures show, it 
would be difficult to know where to draw the line of demarcation between them. 

A somewhat comparable variation has been observed amongst the spores of the 
living species Schizaea asperula Wakefield. The majority of the spores of this species 
have a minutely and irregularly tuberculate exospore (PI. VIII, figs. 14, 15), but 
in others localised areas, particularly in the region of the scar, are raised into 
relatively large tubercles (PI. VIII, figs. 13, 16) reminiscent of those of 6'. papuana. 

The only living species of Schizaea with striated exospores appear to be S. 
laevigata, S. digitata, S. confusa Selling, V. melanesica Selling, S. inopinata Selling, 
6”. spirophylla Troll and S. penicillata Kunth. In none of these species are the 
exospore ridges uneven in height as they are in S. papuana. 

Schizaea digitatoides n.sp. 

(PI. IX, figs. 1, 2; holotype, fig. 1) 

Description. Spores bilateral, monolete, type in lateral view (PI. IX, fig. 1) 
45 x 29 fx. Exospore c. 1 * 5 /* obliquely striated, ridges narrow and closely arranged, 
occasionally bifurcate. 

Occurrence. Pliocene coal from Era River, Papua. 

Comments. Only a few spores of this type have been seen but every one has 
agreed closely with the spores of the living species S. digitata (L) Sw. (Papua, New 
Guinea: Copland King No. 110. Ex New South Wales Herbarium), a member of 
the present flora of New Guinea. It would seem very likely, therefore, that the 
fossil spores are either those of S. digitata itself, or of a very closely related extinct 
species. However, no certainty on this question can be reached, since another living 
species, 5”. spirophylla Troll, is said to have spores similar to those of S. digitata. 
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Family Cyatheaceae 
Genus Cyathea Sm. 

Cyathea annulata Cookson 
(PI. IX, figs. 4, 5) 

Cyatheacidites annulata Cookson, 1947, B.A.N.Z. Ant. Res. Exp. Reports, Ser. A., 2: pp. 129* 

142, PI. XV, figs. 53, 54. 

Description. This species was originally described from Tertiary lignites of the 
Kerguelen Archipelago as follows: 

“Spores tetrahedral, trilete, rounded to subtriangular in polar view 40-56 x 32-56 M, the distal 
wall also rounded. An annular flange 5-5-10-5 M thick extends around the equator of the spore, 
the overall measurements of the proximal surface being 58-77 x 61-77 M. Exospore thick, pitted 
and covered with irregular protuberances which are especially marked on the facets of the 
proximal wall, where they coalesce, more or less, to form three conspicuously thickened areas. 
The tetrad scar is distinct and extends to the periphery.” 

Spores which conform to this description can now be reported from Australian 
Tertiary deposits (PI. IX, figs. 4, 5). The overall equatorial diameters of the various 
examples come within the range given for the Kerguelen specimens, with the 
exception of the one shown in PI. IX, fig. 4, which measures as much as 101 /a 
across. The width of the flange is also comparable. 

Occurrence. Victoria—Ligneous clay from the “fruit zone” near the floor of 
the Open Cut, Yallourn. Age: Oligocene. Ligneous clay, Beenak, near Yarra 
Junction. Age: POligocene. New South Wales—Snowy Mountains Hydro-electric 
Authority’s sample bag 295, Eight Mile Diggings, Drill Hole M572, 167-180 ft. 
Nat. Mus. Vic. No. P16790; sample bag 80, lowest lignite, Round Mountain Dig¬ 
gings, Nat. Mus Vic. No. P16791; New Chum Hill, Kiandra, soft ligneous shale 
135 ft. below the basalt, Nat. Mus. Vic. No. P15710. Age: Lower Tertiary. Queens¬ 
land—Carbonaceous clay under the basalt about 300 yds. below Curtis Falls, Cedar 
Creek, Mount Tambourine. Age: Uncertain, Pliocene according to Bryan and 
Jones (1945). 

Comments. When first described the close agreement in every detail between 
C. annulata and the spores of Cyathea vestita Mart, from tropical South America 
was noted. Knox (1939, p. 454) has shown that the spores of Lophosoria quadri- 
pinnata have the same general type of construction, but lack the conspicuous excres¬ 
cences present on the facets of the proximal surface of this species. Thus, since 
localised proximal thickenings are a conspicuous feature of C. annulata, there seems 
little doubt that a species of Cyathea closely related to C. vestita was relatively widely 
distributed in the southern hemisphere during the Tertiary period. 

GYMNOSPERMAE 

Class Gnetales 
Family Ephedraceae 
Genus Ephedra Tourn. 

Ephedra notensis n.sp. 

(PI. IX, figs. 6-10; holotype, fig. 6) 

Description. Pollen grains ellipsoidal, without a furrow, 25-47 n long and 
14-28 ix broad. Exine firm, smooth and structureless with about 10-15 longitudinal 
ridges. 
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Occurrence and known range. Pebble Point Formation near Princetown, Vic¬ 
toria (Paleoocene) ; Rose Rivulet, Evandale, Tasmania (Gill and Banks, 1956); 
Nelson Bore, Victoria, at 2929, 2756, 2186 and 992 ft.; Castle Cove (basal clay), 
Aire Coast, Victoria; Alberton West (Vic. Dept, of Mines Bore 159 at 202 ft.); 
bore at Canopus Station, South Australia, between 548 and 572 ft.; bore of 
Associated Oil Corporation, Mount Gambier, South Australia, at 2110 ft.; Vic. 
Dept, of Mines No. 22366; bore at Cootabarlow, near Lake Frome, South Aus¬ 
tralia, at 559 ft. (Lower Eocene). Ephedra- like pollen grains have very recently been 
obtained from a sample taken at 3325 ft. from the Robe bore in South Australia 
the age of which is probably Lower Cretaceous. 

Comments. The occurrence of pollen grains of this type in Australian deposits 
was recorded recently (Cookson, 1956). The suggestion was then made that the 
absence of a furrow pointed to an affinity with Ephedra rather than with Welwitschia, 
in the pollen grains of which a germinal furrow is invariably present. A very 
considerable variation in shape and range in size has been noticeable amongst the 
examples of Ephedra notensis observed, and it is possible that they represent more 
than one species. However, a closely comparable size-range has been evident also 
in an acetolysed pollen preparation of Ephedra nana P. Dusen from the Palynological 
Laboratory, Stockholm, and the variation in shape could be accounted for by 
differences in the moisture content of the grains at the time of fossilization (Wode- 
house, 1935, p. 288). 

Although numerically Ephedra notensis has been of but infrequent occurrence, 
it has nevertheless provided a good indication that Ephedra was more widely 
distributed in the southern hemisphere during the Early Tertiary than it is at 
present. Pollen grains of the Ephedra type have been recorded from Cretaceous 
deposits in Iraq, Nigeria and Venezuela (Kugl, Muller and Waterbolk, 1955), from 
a Paleocene deposit near Hamburg (Thiergart, 1942), from the Eocene Green 
River shales, U.S.A. (Wodehouse, 1933), from Post-Glacial deposits and other 
sediments in Fuego-Fatagonia (Auer, 1932; Auer, Salmi and Salminen, 1955), 
and from several European Post-Glacial deposits (Lang, 1951). 


Class Coniferales 
Family Taxaceae 
Genus Dacrydiumites Cookson 
Dacrydiumites balmei n.sp. 

(PI. IX, figs. 11-14; holotype, fig. 11) 

Description. Pollen grains of large size and dense texture, overall length (Cran- 
well, 1940, p. 2B) 70-145 n, width 65-117 n; body more or less spheroidal 34-78 
long and 34-75 /t wide; bladders 2 occasionally 3 more or less confluent not pro¬ 
jecting far beyond the body, with relatively coarse radially arranged mesexinous 
fibres that sub-divide near the periphery to form a well defined reticulum; furrow 
indistinct, without a rim, furrow membrane with irregularly scattered thickenings; 
exine of the cap rather coarsely patterned. 

Occurrence. In Paleocene-Lower Eocene deposits in the Parish of Alberton 
West, in south-eastern Victoria (Vic. Dept, of Mines Bore 138 at 208 and 203 ft., 
Bore 159 at 250 ft., Bore 137 at 165 and 136 ft. and Bore 135 at 193 ft.; at Lai Lai 
near Ballarat, Victoria (Vic. Dept, of Mines Bore 51 at 425-434 ft.) ; at Benwerrin, 
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Victoria (Brown Coal) and at Pebble Point near Princetown, Victoria (Melb. Univ. 
Geol. Dept. No. 3396). 

Comments. The large Early Tertiary two-winged pollen grains described above 
have been referred to the genus Dacrydiumites on account of the radial arrangement 
of the internal fibrous thickenings of the air bladders, an arrangement that charac¬ 
terizes a number of the living species of the genus Dacrydium, but which does not 
appear to occur in any of the other genera of the Podocarpaceae. 

This type of wing-construction has been noted by Cranwell (1940) in D. 
cupressinum Soland, D. kirkii F. Muell., D. biforme (Hook.) Pilger and D. bid- 
ivillii Hook. f.; by Erdtman (1943) in D. datum Wall.; by Wodehouse (1935) in 
p. gibbsiae Stapf and by Cookson and Pike (1953) in D. araucarioides Brong. and 
Gris, and D. balansae Brong. and Gris. It also occurs in D. taxoides Brong. and 
Gris. 

The pollen grains of D. araucarioides, D. balansae, D. cupressinum, D. datum, 
p. taxoides and the two closely related species Dacrydium praecupressinoides 
Couper (New Zealand) and Dacrydiumites florinii Cookson and Pike (Australia) 
are distinct from those comprising Dacrydiumites balmei in that the mesexinous 
fibres in the air-bladders form more or less clearly defined peripheral loops instead 
of a reticulum as in the latter species. 

The type of wing-construction in D. kirkii, D. bidwillii and D. biforme, on the 
other hand, is essentially the same as that of Dacrydiumites balmei but on a much 
smaller scale. However, the much smaller size of the grains themselves, the more 
regular and usually free air-bladders, the finer sculpture of the cap and the smooth 
furrow membrane are features in which these three living New Zealand species 
of Dacrydium are distinct from Dacrydiumites balmei. 

Dacrydiumites balmei is readily recognizable by its large size and dense appear¬ 
ance. It appears to have had a restricted geological range, for as yet it has been 
observed only in the lowest deposits of the Victorian Tertiary succession. 

The genus Dacrydium is not represented in the present flora of the Australian 
mainland but one species, D. franklinii, occurs in Tasmania. However, the occurrence 
of pollen grains, morphologically identical with those of two of the living species of 
Dacrydium, in a large number of Australian and Tasmanian Tertiary deposits shows 
that close relatives of these species, if not the actual species themselves, were pre¬ 
viously widely distributed in these areas. The fossil pollen grains known as Dacry¬ 
diumites florinii (Cookson and Pike, 1953) agree with those of D. cupressinum 
(New Zealand) and the other members of Florin’s group B (Florin, 1931), while 
those comprising Dacrydiumites mawsonii (Cookson, 1953) agree with the pollen 
of Dacrydium franklinii. 

The discovery of yet a third species, Dacrydiumites balmei, enhances the position 
held by the fossil representatives of Dacrydium in the Early Tertiary flora of 
Australia. 

The specific name is given in honour of Mr. B. E. Balme, Chief Palynologist of 
the Coal Research Section, C.S.I.R.O., New South Wales. 

Dacrydiumites mawsonii Cookson f. verrucosus n.f. 

(PI. IX, figs. 15, 16) 

Description. Grains small, morphologically similar to those of the type (Cookson, 
1953, p. 66) including the development of prominent proximal tubercles, body 
varying in shape according to the degree of expansion. Exine of the cap raised into 
well defined and closely arranged verrucae. 
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Occurrence. In Paleocene-Lower Eocene deposits in the Parish of Alberton 
West, Victoria (Vic. Dept, of Mines, Bore 159 at 225 ft., Bore 137 at 165 ft., Bore 
157 at 225 ft., and Bore 138 at 203 and 208 ft. 

Comments. The forma verrucosus is readily distinguishable from the type, 
Dacrydiumites mawsonii, by the sculpture of the exine covering the cap of the 
grain. In D. mawsonii, as well as in the living species, Dacrydium jranklinii > the 
exine of the cap is faintly granular not verrucate as in the proposed new form. 
Also, the forma verrucosus is, on the whole, rather smaller than D. mawsonii. 
However, until more is known about the occurrence and distribution of the verrucate 
type, it seems advisable to regard it as a form of D. mawsonii rather than as a 
distinct, though closely related, species. 

DICOTYLEDONAE 
Family Alangiaceaf. 

Genus Alangium Lam. 

Alangium javanicoides n.sp. 

(PI. X, figs. 1, 3, 5, 6; holotype, fig. 1) 

Description. Pollen grains large, suboblate, equatorial diameter 58-70 /x usually 
tricolporate (occasionally tetracolporate), furrows narrowing towards the poles, 
pores oval to circular. Exine 3-4 ft, nexine thicker than sexine, considerably thickened 
around the colpae, sculpture a compact small-meshed OL pattern, outer surface 
smooth to roughish according to the degree of coarseness of the sexinous pattern. 

Occurrence. Upper Pliocene coals of the Shu Creek and Orloli regions, Papua. 

Comments. A comparison of Alangium javanicoides with pollen grains of other 
species of Alangium having ± smooth outlines, such as A. nobile (Clarke) Harms 
(Brit. Mus. Coll.), A. chinense (Loureiro) Harms (Brit. Mus. Coll.) and A. 
javanicum (Blume ) Wangerin (Hortus Bogoriensis Coll.), has shown that it agrees 
most closely with those of A. javanicum. In fact, so close is the agreement that there 
is little doubt that A. javanicoides is very closely related to A. javanicum (PI. X, 
fig. 4), if not specifically identical with it. 

A fossil species of Alangium, A. barghoornianum Traverse (1955) was recently 
described from an Upper Oligocene lignite in Vermont, U.S.A. The sculpture of 
this species is quite distinct from that of A. javanicoides. 


Family Loranthaceae 
Genus Amylotheca van Tiegh 
Amylotheca pliocenica n.sp. 

(PI. X, figs. 7, 8; holotype, fig. 8) 

Description. Pollen grains triangular in polar view with blunt angles, straight 
to slightly concave sides and two sets of three demicolpae (Erdtman, G., 1952, 
p. 462) which do not meet at the poles. Equatorial diameter 42-50 /*. Exine thin, 
minutely spinulate except in fan-shaped areas situated between the distal ends of 
the demicolpae and the corresponding angles of the grain and between the proximal 
ends of the demicolpae. 

Occurrence. Upper Pliocene coals of the Orloli and Shu Creek areas, Papua. 
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Comments. Since the pollen grains of the genus Amylotheca appear to be of 
uniform character, no attempt has been made to connect the fossil grains with any 
particular living species. 

Several species of Amylotheca occur in the present flora of New Guinea, so 
that it is not surprising that this genus was a component of the Papuan Pliocene 
flora. The close similarity between A. pliocenica and the grains of the living New 
Guinea species A. papuana Danser (Arnold Arboretum, Carr No. 1552) is clearly 
indicated by PI. X, figs. 8, 9. 

Incertae Sedis 

Genus Triorites Cookson 
Triorites clavatus n.sp. 

(PI. X, figs. 10, 11; holotype, fig. 10) 

Description. Grain large, triangular in polar view with straight or slightly 
concave sides, angulaperturate, ora 3, c. 13-18 /a in diameter, true apertures 10-13 /a 
below the surface, equatorial diameter of the holotype 73 /a and of the paratype 
(PI. X, fig. 11) c. 81 /a. Exine clavate, 4-layered, 7-10 /a thick (without clavae). 
Sexine wider than nexine (4 /a and 3 /a respectively in the type) consisting of a 
thick “spongy” zone and a very thin homogeneous outer layer with rather widely- 
spaced clavae; the more detailed structure of the sexine is obscure, but seems to be 
comparable with the type represented by Erdtman (1952, fig. 4h, i). 

Occurrence. Nelson Bore, Victoria, at 2874 ft., Lower Eocene. 

Comments. Only two examples of this species have been found. These are 
essentially identical with one another, but in the paratype (PI. X, fig. 11) the sharp 
line of demarcation between the sexine and nexine, so clearly marked in the type, 
is not evident. However, in certain areas the “spongy” portion of the sexine can be 
faintly distinguished. 

T. clavatus is morphologically similar to Triorites magnificus (Cookson, 1950), 
originally described from the brown coal at Moorlands, and since recovered from 
coaly material at Noarlunga, South Australia, the sediments intersected by the 
Canopus bore, South Australia, between 960 and 925 ft., the Birregurra bore, 
Victoria, between 760 and 925 ft., Alberton West, Victoria (Vic. Dept, of Mines) 
Bore No. 138 at 179 ft. and at Darriman, Victoria (Frome-Broken Hill Ltd.) 
Bore 1 at 1941-1942 ft., and there is little or no doubt that they were produced 
by closely related plants. Both species have the same shape, type of ora and exine 
stratification, and structure, the chief distinction between them being the type of 
external ornament. In T. magnificus the thin outer portion of the sexine has a 
reticuloid structure, whereas in T. clavatus the ornament takes the form of rather 
widely-spaced finger-like outgrowths. In T. clavatus, as in T. magnificus, the outer 
layer of the sexine is delicate and liable to be destroyed (PI. X, fig. 10). The origin 
of both species is obscure. 


Genus Tricolpites Erdtman 
Tricolpites gillii n.sp. 

(PI. X, figs. 12-15?; holotype, fig. 12) . 

Description. Grain small, subangular with straight, slightly convex or slightly 
concave sides, and three rather widely open furrows that extend for varying 
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distances towards the poles, equatorial diameter 21-29 ft. Exine thin, tectate and 
finely granular. 

Occurrence. Nelson Bore, Victoria, between 6233 and 1553 ft. (Upper Cre¬ 
taceous to Lower Eocene) ; Pebble Point Formation, Victoria (Paleocene) ; Ben- 
werrin coal, Victoria (Paleocene to Lower Eocene) ; Eastern View' Coal Measures, 
Victoria (Paleocene to Lower Eocene) ; Lai Lai, Victoria, Vic. Dept, of Mines 
Bore 51 at 425-434 ft.; Parish of Alberton West, Victoria, Vic. Dept, of Mines 
Bore 159 at 250-192 ft. and Bore 157 at 225 ft.; Cootabarlow Bore, South Australia, 
at 559 ft. (Lower Eocene). 

Comments. By its occurrence in the Upper Cretaceous section of the Nelson 
Bore-Core (6233-5304 ft.), Tricolpites gillii becomes one of the earliest of the 
Australian angiosperm pollen types. It has been recovered in small numbers along 
with Triorites eduardsii Cookson and Pike from all the Victorian Paleocene to 
Lower Eocene deposits that have been examined to date, and thus may ultimately 
prove of stratigraphical value. 

The specific name has been given in honour of Mr. E. D. Gill, Curator of 
Fossils, National Museum of Victoria. 

Conclusion 

The occurrence in Australian Eocene deposits of spores representing species 
of Schisaea which no longer occur in Australasia, but which have affinities with 
northern types, is of phytogeographical interest. Especially is this so in connection 
with Schisaea albertonensis, the exospore structure of which suggests a link with 
the North American species .S’, pusilla and the extinct Hawaiian species S. skotts- 
bergii. Similarly, the occurrence in Papuan Pliocene coals of spores (S. punctata) 
comparable with those of two tropical American species, .S', pennula and 5. germani. 
suggests that species of Schisaea having pitted spores were more widely distributed 
during the Tertiary period than they are now. 

The -question of the past distribution of Ephedra recently received brief mention 
by Lam (1955). This author, in referring to the suggestion made by Gams (1952) 
"that some Casuarina fossils had perhaps better be attributed to Ephedra”, states 
that so far as he himself knows " Ephedra has not been reported from the present 
centre of the Casuarina area, Australia, either fossil or recent. Its locality nearest 
(through Antarctica) to the area of Casuarina (extending to Fiji, New Caledonia 
and Tasmania, one species widely dispersed by ocean currents) is southern 
Argentina”. 

There is little or no doubt that the pollen grains herewith referred to Ephedra 
belonged to a Tertiary species of that genus, but whether or not this species was 
indigenous to Australia is somewhat less certain. At present, however, there appears 
to be no evidence that these Ephedra pollen grains were carried to the site of 
sedimentation either by air or by seas. 

In connection with the microflora preserved in the Pliocene coals of south¬ 
ern Papua, it can be stated that, as the elucidation of individual pollen types 
proceeds, it is becoming increasingly evident that many of the genera, and possibly 
even species, constituting the present flora existed in this area during the Upper 
Pliocene. Already pollen grains referable to Dacrydium (of the section to which 
D. novo-guineense Gibbs belongs), Nothofagus (brassi type), Santalum, Myrio- 
pliyllmn and Gunnera have been recorded (Cookson and Pike, 1953, 1954b and 
1955). Now the genera Schisaea, Alangium and Amvlotheca can be added to the 
list. 
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Explanation of Plates 

All the figures are from untouched negatives. Unless otherwise specified the magnifications 

are X c. 600. 

Plate VIII 

Figs. 1, 2.— Schisaea reticulata n.sp. High and low focus of holotype. Nelson Bore, Victoria, 
at 3874 ft. 

Fig. 3.— Schisaea fromensis n.sp. Holotype. Cootabarlow Bore, S.A., at 559 ft. 

Fig. 4.— Schisaea albertonensis n.sp. Holotype. Alberton West, Bore No. 137 at 165 ft. 

Fig. 5.— Schisaea punctata n.sp. Holotype. Era River, Papua. 

Figs. 6, 7.— Schisaea punctata. High and low focus of a Paratype. Era River, Papua. 

Figs. 8-12.— Schisaea papuana n.sp. Orloli and Shu Creek coals, Papua. 

Fig. 9.— Schisaea papuana. Holotype. Orloli River, Papua. 

Fig. 13-16.— Schisaea asperula Wakefield. Cheltenham district, Victoria. Nat. Herb, of Vic. 
collection. 

Plate IX 

Fig. 1, 2.— Schisaea digitataides n.sp. Holotype (fig. 1). Era River, Papua. 

Fig. 3.—Schisaea digitata. Papua. Copeland' King No. 110, New South Wales Herbarium. 

Fig. A.—Cyathea annulata. Kiandra, N.S.W. Nat. Mus. Vic. Sample No. P15710. X c. 455. 

Fig. 5.— Cyathea annulata. Clay from “Fruit Zone”, Yallourn Open Cut, Victoria. X c. 550. 

Figs. 6-10 —Ephedra notensis n.sp. Holotype (fig. 6). Cootabarlow Bore, S.A., at 559 ft.; 

fig. 7, Roses Rivulet, Evandale, Tasmania; fig. 8, Nelson Bore, Victoria, at 990 ft.; 
fig- 9. Canopus Bore, S.A., at 548-572 ft.; fig. 10, Pebble Point Formation, Victoria. 

Fig. 11.— Dacrydiumites balrnei n.sp. Holotype. Alberton West, Victoria. Vic. Dept, of Mines 
Bore 138 at 203 ft. 

Fig. 12.— Dacrydiumites balrnei. A small example with fused air bladders. Alberton West, 
Victoria. Vic. Dept, of Mines Bore 159 at 250 ft. 

Fig. 13.— Dacrydiumites balrnei. Portion of a partially disrupted air bladder, showing the radial 
arrangement of the mesexinous fibres and their peripheral subdivision. Alberton 
West, Victoria. Vic. Dept, of Mines Bore 159 at 250 ft. X 1300. 

Fig. 14.— Dacrydiumites balrnei. Surface view of portion of an air bladder to show peripheral 
reticulum. X c. 800. 

Fig. 15, 16.— Dacrydiumites mawsonii f. verrucosus n.f. Alberton West, Victoria. Vic. Dept, 
of Mines Bore 137 at 165 ft. Type (fig. 15). 

Plate X 

Fig. I—Alangium javanicoides n.sp. Holotype. Orloli Region, Papua. 

Fig. 2.— Alangium jai’anicoidcs. Shu Creek coal, Papua. 

Fig. 3.— Alangium javanicoides. Equatorial view. Shu Creek coal, Papua. 

Fig- 4—Alangium javanicutn Dans. An acetoylsed grain, Java, Indonesia. Hortus Bogoriensis 
collection. 

Figs. 5, 6 .— Alangium javanicoides. Surface views of exine at high and low focus. X c. 1300. 
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pjgs. 7, 8 .—Amylotheca plioncenica n.sp. Holotype (fig. 8). Orloli Region, Papua. 

Fi&- 9 -—Amylotheca papuana. An acetolysed grain, Papua. Arnold Arboretum collection 
(Carr No. 15502). 

pjg. 10 .—Triorites clavatus n.sp. Holotype. Nelson Bore, Victoria, at 2874 ft. 

pjg. 11 .—Triorites clavatus. Paratype. Nelson Bore, Victoria, at 2874 ft. 

pjgs. 12-15 .—Tricolpites gillii n.sp. Holotype (fig. 12). Nelson Bore, Victoria, at 6233 ft.; 

fig. 13, Alberton West, Bore 137 at 136 ft.; fig. 14, Pebble Point Formation, 
Victoria; fig. 15, Cootabarlow Bore, S.A., at 559 ft. 


Museum Register Numbers 

Following are the registered numbers in the palaeontological collection of the National 
museum of Victoria of species illustrated in plates: 
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Fig. 

Reg. No. 

Fig. 

Reg. No. 

Fig. 

Reg. No. 

1. 2 

P17369 

5 

P 17372 

10 

P17375 

3 

P17370 

6, 7 

P17373 

11 

P17376 

4 

P17371 

8, 9 

P17374 

12 

P17377 




Plate IX 



Fig. 

Reg. No. 

Fig. 

Reg. No. 

Fig. 

Reg. No. 
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P 17378 

7 

P 17383 

12 

P17388 

2 

P 17379 

8 

P17384 

13, 14 

P17389 

4 

P17380 

9 

P17385 

15 

P 16855 

5 

P17381 

10 

P 17386 

16 

P 17390 

6 

P17382 

11 

P17387 
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Fig. 

Reg. No. 

Fig. 

Reg. No. 

Fig. 

Reg. No. 

1 

P 17376 

8 

P17394 

13 

P16854 

2 

P17391 

10 

P 17395 

14 

P 17398 

3 

P17392 

11 

P17396 

15 

P17399 

7 

P17393 

12 
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Addendum 

As the pollen grains described as Dacrydiumites are closely related to those of the living 
genus Dacrydium, it is here proposed that all pollen grains described under the name Dacry¬ 
diumites be referred to Dacrydium, viz: 

Dacrydium mawsonii Cookson 1947 

D. ruci Cookson 1947 

D, florinii Cookson and Pike 1953 

D. balmei Cookson 1957 

D. mau'sonii forma verrucosus Cookson 1957. 
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SYMPOSIUM 

At the Society’s Hall 
Monday 3 December 1956 

AUSTRALIA’S PART IN THE INTERNATIONAL 
GEOPHYSICAL YEAR IN ANTARCTICA 


O N Monday 3 December 1956, a Symposium was conducted at the Society s 
Hall in the presence of His Royal Highness the Duke of Edinburgh, on the 
subject of “Australia’s Part in the International Geophysical Year in Antarctica". 

The intention was to mark the participation of Australian explorers and 
scientists in that part of the programme of the International Geophysical Year 
(I.G.Y.) which is to be conducted in Antarctica during 1957-58, the Australian 
contingent being due to depart from Melbourne on the ship Kista Dan on 
December 17. 

The opportunity was taken briefly to review past Australian exploration and 
research in Antarctica and to explain some of the major topics selected for inter¬ 
national co-operative research during the I.G.Y. 

It was a particularly happy circumstance that His Royal Highness the Duke 
of Edinburgh had indicated his intention to visit Graham Land en route to England 
after his visit to Melbourne, and also that His Royal Highness’s Antarctic Adviser, 
Sir Raymond Priestley, was present at the Symposium. 

The Royal Society of Victoria is deeply grateful to His Royal Highness the 
Duke of Edinburgh for the honour of his presence in order to make the opening 
remarks at the Symposium, being aware that his interest and support will be a 
source of inspiration to all scientists who are actively concerned with the work of 
the I.G.Y. The Society honours all those explorers, past and present, to whose 
labours we owe our knowledge of the Sixth Continent. 
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The Symposium 

Speakers 

His Royal Highness The Duke of Edinburgh, k.g., k.t., f.r.s. 

The President, Australian Academy of Science, Professor Marcus Oliphant, f.r.s., 
f.a.a. 

Professor Sir Douglas Mawson, Kt., f.r.s., f.a.a. 

Dr. D. F. Martyn, f.r.s., f.a.a. 

The Director, Antarctic Division, Department of External Affairs, Mr. P. G. 
Law, M.Sc., F.Inst.P. 

The President of the Society, Professor E. S. Hills, f.r.s., f.a.a., was in the 
Chair. 


Guests 

The Hon. the Premier of Victoria, Mr. H. E. Bolte 
The Hon. the Chief Secretary of Victoria, Mr. A. G. Rylah 
The Secretary to the Premier, Mr. W. J. Jungwirth 
Sir Raymond Priestley 

The Chairman of the Executive of C.S.I.R.O., Sir Ian Clunies Ross 

The Chairman of the Arthur Wilson Memorial Foundation, Dr. E. R. White 

Mrs. E .W. Skeats, Lady Mawson, Mr. J. W. Cudmore. 


Recipients of Polar Medals which were presented at an Investiture conducted 
by His Royal Highness the Duke of Edinburgh in the Society's rooms after the 
conclusion of the Symposium, were also present as guests of the Society: 


R. G. Dovers 
Dr. Fritz Loewe 
Mr. J. Jelbart* 

J. D. Gleadell 
W. Harvey 
L. E. Macey 
J. Russell 
B. H. Stinear 


W. J. Storer 
Dr. R. O. Summers 
J. M. Bechervaise 
Mrs. H. Crohnt 
F. W. Elliott 
A. S. Gowlett 
R. H. Lacey 
E. L. Macklin 


R. G. McNair 
W. H. Oldham 
N. R. Parsons 
A. D. Riddell 
P. J. R. Shaw 
F. A. Van Hulssen 
J. L. Ward 


♦ Father of the late J. E. Jelbart, who lost his life in Antarctica, 
t Mother of P. W. Crohn, who had not returned from Antarctica. 

W. J. R. Dingle, Dr. R. W. Allison, and L. N. E. Jennings-Fox were unable 
to attend owing to their absence from Victoria. 

Seventy-four Members of the Royal Society of Victoria were also present. 


For the Menjbers of the Symposium Committee of the Society— 

E. S. Hills, President 
E. D. Gill, Hon. Secretary 
L. Adams, Hon. Treasurer 
P. Crosbie Morrison 
D. A. Casey. 


19 December 1956. 
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HIS ROYAL HIGHNESS THE DUKE OF EDINBURGH 

K.G., K.T., F.R.S. 

T HREE things have drawn my attention to the Antarctic. First, the Trans- 
antarctic Expedition, second, the International Geophysical Year and the Royal 
Society’s station on the Weddell Sea, and third, the Olympic Games in Melbourne. 

Before that, all I can say is that I had heard of Scott, Shackleton, Amundsen 
and Byrd, and that the Antarctic was a continent and a very cold one. It was only 
when I thought of paying a visit to the Transantarctic Expedition at their Ross 
Sea or Weddell Sea base that I began to realize a bit more clearly what the place 
was like. I had to drop the idea in the end because it involved the risk of getting 
stuck there for 15 months when I felt that my nuisance value would be out of all 
proportion. 

I then turned my attention to Graham Land and which looked much more 
feasible, and decided to visit some of the Falkland Islands Dependencies survey 
bases. I hope they will give me some idea of the nature of the continent and the 
methods of work and manner of life in those fairly high latitudes. 

The whole idea come about because of the fact that I was due to open the 
Olympic Games in Melbourne in the early Antarctic summer. 

In the process of making these plans, I had long discussions with the Royal 
Society, the Falkland Islands Dependencies Survey, and Dr. Fuchs, and as a 
result the Antarctic is exercising a growing fascination over me. 

One of the things I discovered was the enormous amount of scientific work 
and exploration done by Australians in the Antarctic. 

Epic is a mild description of the sledge journey in 1908 when Edgeworth David 
and Douglas Mawson reached the South Magnetic Pole; hauling the sledges them¬ 
selves for a thousand miles, they had one biscuit left when they returned to the 
Nimrod. We are all delighted to see Sir Douglas Mawson with us here today. 
I am particularly delighted because I have just been reading about an even greater 
adventure of his. To see one’s companions die, to stagger along alone for three 
weeks, to return to base only to find one’s ship had sailed the day before, is more 
than enough to persuade any ordinary man to give up. But Mawson is not an 
ordinary man; he stayed another year, continued his scientific work and doubled 
his results. 

John Rymill, who served his apprenticeship in Greenland under Gino Watkins, 
commanded the British Graham Land Expedition in 1934 and laid the foundations 
of the sledging technique which the men of the Falkland Islands Dependencies 
Survey have carried on and improved. 

These men and many others deserve the admiration and the gratitude of the 
Australian people. 

Exactly, what is the importance of the Antarctic continent? That, I think, is 
the main question in the minds of laymen when Antarctic enthusiasts get going. 

Obviously, I am not going to answer that question because that is what I have 
come here to find out, but I would like to break the problem down into four parts 
so that at least the enthusiasts will understand what it is we w r ant to know. 

I don t think it is necessary to ask about its scientific importance. To the true 
scientist anything that is unknown is important. 

Even though more than half a century has passed since the first landing on 
the Antarctic continent, it is still largely an unknown land. I hope to learn today 
what the modern scientist-explorers have found and what they hope to find. 

So far, commercial exploitation has been confined to the Antarctic Ocean with 
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its whales and elephant seals. I know that traces of minerals of economic importance 
have been found, but I should like to know what are the prospects of their 
development. 

Has the Antarctic any strategical importance? I know one scientist’s answer 
to that. Let me quote from Sir Raymond Priestley’s Presidential Address to the 
British Association for the Advancement of Science at Sheffield this year: “The 
strategic value of Antarctica, should world atomic war break out, with the con¬ 
sequent likelihood of the destruction of the Suez and Panama Canals, will stem 
from the fact that all intercontinental seaborne traffic, and much coastal traffic as 
well, must then proceed via the Cape of Good Hope and Cape Horn. Under the 
circumstances and from this cause alone, concern with Antarctica, as a possible air 
or submarine base, is bound to be a preoccupation of any great power.” 

Apart from the natural resources of the continent and its strategic importance, 
has it any other possible advantages to mankind? Various things have been 
suggested including using it as a gigantic vermin-free cold store for the world's 
periodic food surpluses, which could be preserved against periods of famine. Some¬ 
how I have a feeling that it will not be used to house the world’s surplus population 
for quite a long time yet. 

It has also been suggested that it might be developed as an air route. Looking 
at the map, the only possible routes would be Australia to South America, and 
New Zealand to South Africa. The distances are roughly equivalent to Wellington 
to Panama, but I don’t know if this is a feasible operation. 

In the meantime, exploration goes on at an ever-increasing pace, and I am 
looking forward to hearing the latest news which I hope the speakers at this 
Symposium are going to give us. 

But before they start, I thought you might be interested to see this. It is the 
miniature White Ensign which Scott took with him on his sled to the South Pole. 
It was given to King George V and kept in the old Yacht Victoria and Albert, 
and it now hangs in the Britannia. 


PROFESSOR MARCUS OLIPHANT, f.r.s., f.a.a. 

M Y part in this Symposium is purely nominal. As President of the Australian 
Academy of Science, and on behalf of that body I have to congratulate the 
Royal Society of Victoria which has arranged this discussion of a region of the 
world of immense importance to Australia, and express our sincere thanks to His 
Royal Highness, not only for his participation in this Symposium, but for his deep 
and abiding interest in all activities in the field of science. 

It is significant that the first major national task entrusted to the Academy since 
its foundation by Her Majesty the Queen, during her visit to Ausralia, should 
be the organization and co-ordination of Australia’s part in the International 
Geophysical Year, a period of special effort in the Arctic and Antarctic as well as 
throughout the inhabited regions of the world. At the same time the Academy has 
established standing committees to encourage the development of hydrology and 
of oceanography in the areas, including the Antarctic, which are the peculiar 
responsibility of Australia. 

The Academy of Science is a national organization founded to encourage and 
assist Australian participation in scientific endeavour of all kinds. In its approach 
to the problems of science in the Antarctic its concern will be for the advancement 
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of natural knowledge as a human undertaking of great significance for all mankind. 
Its objective will be co-operation with all efforts, national or international, which 
will increase that knowledge and apply it for the good of all. Its desire will be 
that Australia’s contribution should be honourable and worthy of our respon¬ 
sibilities as a sovereign nation and as a member of the British Commonwealth of 
Nations. Hence, we are deeply conscious of the value and the significance of the 
participation of His Royal Highness in our deliberations today. We will bear in 
mind his words of advice and encouragement. We assure him that men of science 
in this country will pursue their aims in the spirit of the Charter which, through 
his understanding, we received from Her Majesty the Queen, in person. 


SIR DOUGLAS MAWSON, Kt., f.r.s., f.a.a. 

Australian Links with Antarctica 

O N account of its relative proximity, the great span of Antarctica facing Aus¬ 
tralia across the Southern Ocean is geographically linked with our Common¬ 
wealth. For long past we have been interested in taking stock of scientific data 
of that region and establishing in what ways it may have a bearing upon the 
development of Australia. 

Australia and New Zealand have done much towards Antarctic exploration 
contributing notably, in human effort and achievement, to advance knowledge of 
the Antarctic regions to its present fullness. 

However, it was not until the closing years of the nineteenth century that our 
limited population, fully occupied in exploring and developing Australia itself, could 
consider taking an active part in geographical problems further afield. 

As early as 1775 Captain James Cook had achieved his famous circumnavigation 
in high southern latitudes, reducing the unknown to a region wherein the seas were 
so encumbered with floating ice as to virtually debar the further southward progress 
of sailing ships of those days. 

With regard to the existence of a Great South Land, though he had discovered 
only several Antarctic islands located in the marginal zone of the ice-packed seas, 
he nevertheless wrote: “I firmly believe that there is a tract of land near the pole 
which is the source of most of the ice that is spread over this vast Southern Ocean.” 

About 45 years later a very notable Russian expedition under Admiral Bellings¬ 
hausen located more Antarctic islands and further reduced the area of the unknown, 
ice-encumbered core of the South Polar regions. As opposed to Cook’s belief that 
the existence of a central land mass was indicated, Bellingshausen propounded the 
ingenious theory that the core of the Antarctic Regions could be no more than a 
stupendous floating ice mass. 

By the year 1820, sealing enterprises, almost exclusively British, began to play 
a notable part in the exploration of Antarctic seas, discovering many off-lying islands 
and several sections of coast subsequently proved to be part of the Antarctic 
Mainland. 

Search for the South Magnetic Pole temporarily revived international interest. 
By the year 1840, France, Britain and America were in the field exploring Antarctic 
seas to the south of Australia. The French expedition under Admiral Dumont 
d’Urville, and the American fleet under Lieut. Wilkes sighted ice-capped land in 
several places to the south of Australia, in latitudes about the Antarctic Circle. 
The British expedition under Sir James Clark Ross broke through the pack-ice 
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into a great southward extension of navigable water, to be thereafter known as the 
Ross Sea. Outstanding geographical features were encountered, including an exten¬ 
sive high land area, South Victoria Land. 

Thereafter, until the end of the century, Britain’s interest in exploration was 
diverted elsewhere—to the Arctic and to Darkest Africa. 

With the rising tide of science and the growing maturity of Australia during the 
closing years of last century, the scientific community of Melbourne and Sydney 
stressed the importance of further investigating Ross’s discoveries. 

Early in the 1890’s an Antarctic Exploration Committee was active in Mel¬ 
bourne, but their efforts were frustrated by the period of severe financial depression 
which struck Australia at that time. 

Among those especially concerned was J. H. Bull, a Melbourne merchant of 
Norwegian origin. By an appeal to Svend Foyn, a Norwegian whaling magnate of 
his acquaintance, he was eventually placed in charge of the Antarctic, a sailing ship 
equipped to test whaling prospects in the Ross Sea. C. E. Borchgrevink, a Nor¬ 
wegian national engaged at the time in New South Wales as a surveyor’s assistant, 
begged to be included in the ship’s company, and was signed on as “a generally 
useful hand”. 

On return from the Antarctic, Borchgrevink visited London and enlisted the 
co-operation of Sir George Newnes who financed an expedition to the Ross Sea. 
Borchgrevink’s party established a Base Camp at Cape Adare, and were the first 
human beings to spend a winter on the Antarctic Mainland. This development 
further fanned the flame of scientific interest and triggered off great international 
activity in which Sweden, Britain, Germany, France, Belgium and Scotland all 
participated. Great was the accretion of knowledge resulting therefrom. 

Of these expeditions, Australia was most interested in the British National 
Expedition of 1901-04. Lieut. Robert Falcon Scott was chosen to command the 
Discovery. They wintered for 2 years on the Ross Sea coast at the foot of Mt. Erebus. 
Great success was achieved. By a wide coverage of sledge journeys important 
geographical discoveries were made. 

We come now to Shackleton’s British Antarctic Expedition of 1907-09. Ernest 
Shackleton had been included as a ship’s officer under Scott in the personnel of the 
Discovery. Public interest in the Far South having been whetted by the success of 
the Discovery Expedition, Shackleton’s appeal for funds was well received both 
in Australia and in New Zealand. 

Ultimately, Professor T. W. E. David of Sydney University and I were included 
in the scientific staff, joining with Raymond Priestley and John Murray, thereby 
increasing the scope of the scientific programme of the expedition. Bertram 
Armytage of Melbourne was also included in the wintering party to assist with 
the care of the Manchurian ponies. 

Shackleton’s sledge party reached to within 97 geographic miles of the South 
Geographic Pole. There the spectre of starvation turned them back. Our Australian 
party sledged in quite a different direction proceeding towards and eventually 
arriving at the area of the South Magnetic Pole. 

The Terra Nova Expedition organized and led by Captain Scott followed in 
1910. Scott’s personal goal was to reach the South Geographic Pole, but his appre¬ 
ciation of the value of scientific research led him to include in the expedition 
personnel a number of young men of well-proved scientific attainment, including 
several Australians. The scientific results achieved were great. It will always remain 
a deep national regret that Scott’s party did not survive the return journey from 
the Pole. 
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Roald Amundsen’s dash to the South Pole added new knowledge concerning 
the eastern limits of the Ross Iceshelf, and of that approach to the Pole. 

The attainment of the South Pole had proved too great a magnet, diverting 
resources and human effort from more rewarding fields for science in unknown 
Antarctica. 

Thus when, in 1909, Scott had asked me to be a member of his prospective 
sledge party to the Pole, I explained to him that, in Australia, scientific interest was 
calling for the exploration of that wide and virtually unknown arc of the Antarctic 
lying directly south of Australia, rather than for continuance in, what was by then, 
the better known Ross Sea Region. 

Thus it was that I planned and organized the Australasian Antarctic Expedi¬ 
tion of 1911-14 which sailed south in the Aurora. The Australasian Association for 
the Advancement of Science threw its weight behind the project. Many leading 
Australians subscribed generously. Further help was forthcoming in London. 
Eventually, considerable financial assistance was extended from Australian Govern¬ 
ment sources. We were fortunate in securing as Ship's Captain and Second in 
Command of the Expedition, Captain J. K. Davis, who had already won his spurs 
on Shackleton’s Nimrod. 

Ihe programme was extensive, planned solely to search for new knowledge 
within a wide range of scientific enquiry. To help trace the movement of air masses 
between Antarctica and Australia, a sub-Antarctic station was established and main¬ 
tained on Macquarie Island. 

Dumont d’Urville and Wilkes had both recorded sighting land in that great 
sweep of ice-encumbered ocean but, except in the case of Terre Adelie, the reports 
were extremely vague. One thing appeared certain—that almost all land we might 
discover would be smothered beneath an over-riding ice-cap. To do everything 
possible to obtain samples of the rock formations beneath the flood of ice, I arranged 
for the expedition’s vessel Aurora to be equipped with a powerful dredge for 
scooping up erratics from the off-shore sea-floor. By this means some idea of the 
general nature of the rock terrain underlying the ice-cap was obtained throughout 
the whole sector investigated. 

On what proved to be the Antarctic mainland, two base-stations were established. 
These were located 1100 miles apart, each set up on the shore of land areas 
discovered by the expedition, named respectively King George Land and Queen 
Mary Land. 

Ihe plans of Lieut. Filchner’s German expedition to the Weddell Sea were 
cut short by the Deutschland being irrevocably caught in the pack ice. 

Shackleton’s second and third expeditions which followed were curtailed by 
disasters. In 1916 the Australian and New Zealand Governments relieved his 
Ross Sea party from their plight. 

In the early 1920’s, the Falkland Islands Government, through the Colonial 
Office, initiated an important organization for land exploration and marine biological 
research. In its earlier years their programme was mainly confined within the area 
of the Falkland Islands Antarctic Dependency. In later years marine operations were 
extended throughout the waters of the Southern Ocean. Land occupation has con¬ 
tinued to the present day. 

_ The Australian explorer Sir Hubert Wilkins, partly in co-operation with the 
Discovery Committee’s programme during the summer of 1928 and 1929, made 
long flights exploring the Graham Land chain and the impenetrable pack-ice region 
to the south-west thereof. 

The Australian National Research Council, in the year 1925, drew the Com- 
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monwealth Government’s attention to the increasing concern to Australia of 
adjacent Antarctic lands. Prime Minister, Stanley M. Bruce, at the conference in 
London in 1926, indicated Australia’s interest in Antarctic territory in the regions 
to the south. 

As a result, our British-Australian-New Zealand Antarctic Research Expedi¬ 
tion set forth in the Discovery in 1929, and continued through two summer cruises, 
to explore Antarctic seas to the south of Australia and around to the west, as far 
as the meridian of 45° east of Greenwich. The scientific results forthcoming included 
oceanographic investigations, the discovery of new coast-line, namely Banzare Land, 
Princess Elizabeth Land and MacRobertson Land, as well as checking and 
delineating Enderby Land, Kemp Land and Sabrina Land, the existence of which 
had been reported by sealers about 100 years earlier, but never confirmed. 

The recovery of erratics from the off-shore sea-floor by systematic dredging 
was extended to the west from the region dealt with by our expedition of 1911-14. 
The evidence of sialic rocks secured everywhere by these dredgings, when taken in 
conjunction with the existence of a submerged continental shelf proved, by our 
soundings, to exist throughout an arc of 125° of longitude to the west of the Ross 
Sea, left no doubt that a continental platform exists beneath the ice throughout that 
area. These observations, extending the findings of other expeditions working in the 
Ross Sea region, demonstrated the existence, beneath the Antarctic ice-cap, of a 
bulge in the crustal-lithosphere, continental in size and composed of continental type 
rocks—obviously a continent beneath the ice-cap. 

Even if, in places, the underlying rocky crust is depressed below sea-level by 
isostatic response to the immense ice-cap load, the Antarctic Mainland still remains 
an ice-welded continent. 

In the year 1933, following upon our extended explorations, the Antarctic arc 
lying to the south of Australia, where not already under foreign suzerainty, was 
proclaimed by an Order in Council of His Majesty’s Government, as British Terri¬ 
tory. Then followed the Australian Antarctic Territory Acceptance Act, placing it 
under the authority of the Commonwealth. 

The entry of the United States of America into Antarctic land exploration was 
undertaken by Admiral Byrd in 1928. Having previously flown to the North Pole 
he set out to reach the South Pole. The expedition operated from a base “Little 
America” located near the eastern limits of the Ross Ice-shelf. Important geo¬ 
graphical and other results were obtained. Byrd flew' over the Pole as planned. 

During the next 10 years Byrd led other very large-scale expeditipns, which, 
as in the case of his first, w’ere all concentrated on the exploration of the previously 
unknown sector of Antarctica lying to the south of the Pacific Ocean. 

In 1935, Lincoln Ellsworth, another American, completed a very notable flight 
across a great lobe of unknown Antarctica from the Graham Land area to Little 
America on the Ross Sea. Even prior to the Second World War the combined 
United States operations, in the region south of the Pacific, gave to the world a 
very good picture of an immense area previously unexplored. 

The Norwegian w'haling magnate, Lars Christensen, in association with whaling 
operations, pursued a programme of geographical exploration between the years 
1928-36. Norw-egian aviators participating in these investigations discovered much 
new land and greatly contributed to knowledge of the location and nature of the 
coastal margin of Antarctica. 

The South Australian, John Rymill, organized and led with great success an 
expedition to western Graham Land. Important geographical features were en¬ 
countered. New land w r as discovered and mapped. 
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At the conclusion of the Second World War eyes were again turned towards 
the Antarctic. In the summer of 1947-48, under the planning and advice of Admiral 
Byrd, the U.S.A. Navy staged operation “High Jump” which set out to photograph 
from the air, the major part of the coastline of Antarctica. A great fleet of ships, 
aircraft and men participated. It was about this time also that an American, 
Finn Ronne, led an expedition to Graham Land which, partly in co-operation with 
members of a Falkland Islands Government expedition, also operating there, 
achieved a great advance in knowledge concerning the western margin of the 
Weddell Sea. 

Paul Emile Victor’s Explorations Polaire established a base on Terre Adelie in 
1940 and continued operations for several years, thereby completing the detailed 
mapping of that French Territory. 

During the years 1949-52 an important Norwegian-Swedish-British Expedition 
operated from Crown Princess Martha coast south of the mid-Atlantic. Australians 
Robin and Jelbart were members of staff. A long line of ice soundings was run from 
the coast inland across the ice-cap with most interesting and valuable results. 

Reverting to the year 1939, plans were then afoot in Australia for continuing 
with scientific investigations in the Territory claimed by Australia. These proposals 
had to be abandoned when war broke out, but were revived again later in another 
form. 

In 1946, the Australian National Research Council drew the attention of the 
Commonwealth Government to the desirability of continuing with the exploration 
of Australian territory in the Antarctic. The Chifley Government of the time was 
responsive; Dr. Herbert Evatt, then Minister for External Affairs, undertook to 
support a programme of research. To cope with this activity there was developed the 
Antarctic Division of the Department of External Affairs. Operations commenced 
early in 1947 and have continued ever since. Now under the stimulus of the Rt. Hon. 
R. G. Casey, the present Minister, it is engaged on a big job as part of the pro¬ 
gramme of the International Polar Year. Mr. P. G. Law is the Director of activities. 
He, being present today, will, I believe, briefly indicate the operations in hand. 


DR. D. F. MARTYN, f.r.s., f.a.a. 

Australia and the International Geophysical Year 

T HE International Geophysical Year, colloquially known as I.G.Y., is the 
successor of two former great co-operative efforts by world scientists—the 
International Polar Years of 1882-83 and of 1932-33. These earlier “Polar Years” 
were organized mainly to study magnetism, meteorology, and the aurora, earth 
sciences which show marked peculiarities in polar regions. However, as a result of 
knowledge gained from these and subsequent studies, it has become apparent that 
the striking phenomena of these regions have their counterparts in moderate and 
even equatorial latitudes. The marked perturbations of the earth’s magnetic field 
which frequently occur at latitudes near 67° are paralleled by strong perturbations 
in a narrow belt only a few hundred miles wide near the magnetic equator. The 
aurora borealis has been seen at Bombay. 

Because we now realize that almost all the earth’s sciences are global in scope, 
that polar phenomena are closely linked with happenings in other parts of the world, 
the forthcoming international effort has been given a world-wide scope, and is called 
a geophysical rather than a “polar” year. 
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One of the first men of science to realize the global character of the daily 
geomagnetic variations was Balfour Stewart, who set out his views in the Encyclo¬ 
pedia Britannica (9th edition). In a famous article he forecasted the existence of 
the ionosphere, an electrically conducting region high in the earth’s atmosphere 
and showed how electric currents flowing there were the probable cause of the 
daily movements of the compass needle in all parts of the earth. He further showed 
how such electric currents could be generated by tidal winds, the upper atmosphere 
becoming a giant dynamo as the conducting air was driven across the magnetic 
field of the earth itself. 

As we shall see later this remarkable hypothesis of Balfour Stewart, after many 
vicissitudes, has come into its own. It is a fitting tribute to a remarkable man, to 
his work on geomagnetism, the aurora, on solar radiation, on atmospheric electricity, 
and on meteorology, that the first satellite to be launched from the earth during the 
I.G.Y. will be called “Balfour Stewart”. 

It is a happy coincidence for us here today that the name of Balfour Stewart 
will always be closely associated with that of Edinburgh. Stewart was born in 
Edinburgh in 1828 and later did much of his work in the Natural Philosophy 
Department of its University. What may not be so well-known is the further happy 
coincidence that he began his career at sea, and that he developed a lasting interest 
in science in the course of a voyage to Australia. In fact, his first scientific paper 
was published here in Melbourne by this Society, of which he was a foundation 
member, just a century ago. 

It is unlikely that Stewart’s audience here a hundred years ago realized how 
important a role Edinburgh would soon assume in science. In this respect we are 
better informed; we are well aware already of the keen and knowledgeable interest 
of our distinguished visitor in all aspects of science, of his membership and informed 
patronage of the Royal Society of London, and of his personal interest in the 
presentation of a Royal Charter to our youthful Australian Academy of Science. It 
requires no electronic brain to predict that the name of Edinburgh will for long 
continue to be associated with science and its adaptation to human welfare. That is 
certainly the sincere hope and wish of all of us. 

Stewart’s atmospheric dynamo was conceived long before wireless had emerged 
from the laboratory. At the turn of the century when it became clear that some 
invisible mirror in the atmosphere was helping radio waves bend round the globe 
beyond the horizon, two engineers, Kennelly in America, and Heaviside in England, 
independently suggested that this mirror was a conducting region high in the 
atmosphere. It was not until 1925, however, that Sir Edward Appleton, now the 
distinguished Vice-Chancellor of the University of (yes!) Edinburgh, proved by 
direct experiment the existence of conducting regions at heights of 60 miles and 
more above the ground. This confirmed the ideas of Kennelly and Heaviside about 
the mechanism of long distance radio propagation, but a doubt still remained about 
Stewart’s dynamo. It appeared that the ionosphere, as the newly-discovered regions 
were named, was a good enough conductor of electricity to act as a radio “mirror”, 
but was not a good enough conductor to circulate the world-wide dynamo currents 
which Stewart believed to be the cause of the daily variations of the compass needle. 
This difficulty remained until a year or two ago when Australian scientists showed 
that the ionosphere has the peculiar property of giving electric currents which flow, 
not parallel to the electric field, but nearly perpendicular to it. When account was 
taken of this peculiarity it was at last possible to say definitely that Stewart was 
right, that his atmospheric dynamo does indeed account for the daily magnetic 
variations. In fact, the modern form of Stewart’s theory predicts that there should 
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be a peculiar narrow region near the magnetic equator in which the variations of 
the compass would be unusually large. Such a region, the so-called “electrojet”, has 
indeed been found to run round the earth, passing through Peru, Brazil, Abyssinia 
and the southern tip of India. It is the existence of such peculiar equatorial 
phenomena in the ionosphere that is largely responsible for the extension of the 
I.G.Y. to include non-polar as well as polar regions. 

The concept of holding an International Geophysical Year in 1957-58 developed 
in discussions between Professor Sydney Chapman of Oxford and Dr. Lloyd 
Berkner, President of Associated Universities (America) in 1950. There were two 
reasons for the date suggested. It was realized that 1957-58 would coincide with 
a peak of activity of the eleven-year sunspot cycle, which would profoundly enhance 
nearly all the phenomena to be studied, and that it would require six or seven years 
to complete all the manifold preparations for so big an international effort. The 
plan was enthusiastically endorsed by the International Council of Scientific Unions, 
which speedily set up a central planning organization under the chairmanship of 
Professor Chapman. By 1952 it had become possible to get down to detailed plan¬ 
ning. In that year, Australia was host country to the General Assembly of the 
International Union of Radio Science, the first occasion on which an International 
Union had met south of the equator. As guests of the Commonwealth Government, 
the Commission on the Ionosphere, a Commission composed of representatives of 
several scientific Unions, met in Canberra under the Presidency of Sir Edward 
Appleton. At this meeting, plans presented by Professor Chapman were considered 
in detail by a distinguished international group of scientists. The resulting manu¬ 
script, which may truly be called the “master plan” for I.G.Y., and which now rests 
in the archieves of the Australian Academy of Science, was subsequently sub¬ 
stantially endorsed by the relevant specialist Unions. 

The subjects to be studied intensively during I.G.Y. are meterorology, geo¬ 
magnetism. the aurora (both polar and non-polar—the latter being now called just 
“air-glow”), the ionosphere, the sun (especially sunspots, eruptions and coronal 
“hot spots”), cosmic rays, glaciers, earthquakes and earth tremors, the shape of 
the earth, and the variations of the force of gravity over its surface. On certain 
predetermined days or groups of days, so called “world intervals” or “world days , 
the rate of observation will be stepped up in all fields of activity. Other “special days 
will be determined at short notice, when unusual solar activity suggests the immin¬ 
ence of a world-wide electrical and magnetic “storm” in the earth s high atmosphere. 
Notice of these “special days” will be flashed to all observers by an elaborate world¬ 
wide communications network. 

The observers will be located at all latitudes over the earth, but there will be 
special concentrations near three meridians, one through the Americas, one through 
Europe and Africa, and one through Australia and Japan. 

This vast effort has required provision of men and money. Some idea of the 
scale of the effort involved will be given if I mention that the United States alone 
will spend more than $30 millions on I.G.Y. The finding of scientists and technicians 
has been more difficult in all countries except Russia, in fact, the extent of Australian 
participation will be determined largely by the number of available scientists in 
the appropriate fields who are able to turn their attention to the appropriate geo¬ 
physical tasks during I.G.Y. The Commonwealth Government, through the Academy 
of Science, has made available £67,000 for the purpose of enabling the Universities 
and other non-departmental bodies and persons to take an active role. In addition, 
various Government bodies such as the Commonwealth Scientific and Industrial 
Research Organization, the Department of External Affairs (Antarctic Research 
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Division), the Department of National Development, of Supply and of the Interior 
will each step up its normal activities to a higher level during I.G/Y. 

The most exciting and potentially most fruitful event in I.G.Y. will be the 
launching of the first man-made satellites of the earth from Florida in the United 
States. During the planning stages the code letters sometimes used to denote such 
satellites were M.O.U.S.E.—minimum orbital unmanned satellite of earth—mouse. 
They will be large mice, weighing about 20 lb., and about 20 inches in diameter, 
large enough to be seen at sunrise and sunset when the sky is still dark and the 
satellite illuminated by the sun’s rays. Certainly the effort at present being expended 
in preparation for their launching is mountainous. Next year, the 2,000-year-old 
words of Phaedrus should come true: 

“The mountain groaned in pangs of birth; 

Great expectation filled the earth; 

And lo! a mouse was born!” 

The first satellite will be launched into its orbit about 300 miles above the earth 
with a speed of 18,000 miles per hour. It will go round the world in about an hour 
and a half and will be in the sky for a few minutes once a week in moderate to 
low latitudes. It will not be seen at high latitudes. One of the first puzzles it will 
settle is the density of the atmosphere at great heights. According to American 
calculations, which are based mainly on some observations made by rocket-borne 
instruments, the first satellite would stay in its orbit for about a year before being 
slowed down by impact with air molecules. According to Australian calculations, 
which are based on a long series of measurements of radar echoes from the 
ionosphere, it is unlikely that the satellite will stay in the sky for more than a few 
weeks. 

There are many perplexing discrepancies like this that we may expect to see 
resolved during the forthcoming year. 


MR. P. G. LAW, M.Sc., F.Inst.P. 

I N 1947 the Australian Government established the Australian National Antarc¬ 
tic Research Expeditions. 

The ANARE, as it is called, is organized on a national basis. Its funds are 
wholly provided by the Government, it is backed and assisted by a number of 
Government departments and Australian universities, and the Department of Ex¬ 
ternal Affairs is responsible for its administration. 

There are two main reasons for the activities of the ANARE: 

1. Australian Antarctic Territory embraces 2£ million square miles of the 
Antarctic Continent. The ANARE aims to explore this area and to build up 
techniques of living and working in this region so that ultimately the Territory can 
be developed and its resources exploited. 

2. Antarctica and the Southern Ocean together comprise somewhat more than 
one eighth of the surface of the earth, yet in this area scientific observations are few 
and our knowledge of the region is scanty. Data from Antarctica is urgently needed 
in a number of scientific fields—in geophysics, biology and geology—and Australia 
is geographically better situated than any other country to carry out such research 
in the Indian Ocean Sector. The results obtained will be of great value to scientists 
throughout the world. 
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For ten years now this work has been proceeding. In 1948 the first expeditions 
established stations on Heard Island and on Macquarie Island and attempted, 
although unsuccessfully, to push through to Antarctica itself in the small ship 

IVyatt Earp. . „ 

During the period 1948-1953 inclusive, the ANARE devoted its efforts to 
developing and manning geophysical observatories on Heard and Macquarie Islands. 
Landing operations under the most difficult of conditions, together with the energetic 
and determined efforts of successive parties of men, gradually built up these estab¬ 
lishments and produced unbroken series of important geophysical observations. 
Meanwhile, in Melbourne, the headquarters organization of the Antarctic Division 
of the Department of External Affairs gained experience and consolidated its tech- 


Always before it was the objective of setting up a research station on the 
Antarctic Continent, but world-wide investigations failed to discover a suitable ship. 

Finally, in 1953, a new Danish ice ship, the Kista Dan, was chartered and, early 
in 1954, the ANARE established a research station on an unknown stretch of the 
MacRobertson Land coast. . 

This was the first Australian research station in Antarctica since Sir Douglas 
Mawson returned to Australia from his base at Commonwealth Bay in 1913. The 
new station was called, most appropriately, after this famous explorer. 

However, the material and manpower resources of the ANARE and the 
passenger accommodation on the Kista Dan were not adequate to maintain three 
stations at full strength, so in order to permit the full development of the Mawson 
Station, the Heard Island Station was reluctantly closed down early in 1955. 

Plans for the International Geophysical Year which began to develop in 195 d 
underlined the importance of the Mawson and Macquarie Island stations, con¬ 
veniently situated at widely separated points on the southern auroral zone. In 1956 
and 1957, therefore, additional instruments and equipment are being added to the 
already elaborate installations. 

In 1957 Macquarie Island will have 48 huts and Mawson 30. At each station 
the geophysical studies will be much the same: meteorology—including radiosonde 
and rawind upper air observations; geomagnetism—magnetographs and absolute 
instruments; cosmic rays—automatic counter telescopes and neutron recorders; 
ionosphere—vertical sounding equipment and radar meteor wind apparatus; 
aurorae—all sky cameras, auroral height cameras, spectographs and visual theo¬ 
dolites; seismology—seismographs for teleseismic observations; other studies 
gravity measurements and tide gauge records. 

At Mawson, in addition, there are glaciological studies, ice-depth measurements 
and geological and topographical surveys, while from the Kista Dan depth sound¬ 
ings are regularly carried out. At both Mawson and Macquarie Island advanced 
studies in biology are being pushed forward. 

In 1957 the ANARE will set up a new Antarctic base at \ estfold Hills, where 
studies in meteorology, geology and aurora will be carried on. Also, an automatic 
weather station will be installed on the Wilkes Land coast. 

In addition to scientific research the ANARE has carried out much valuable 
exploration. In 1954 Robert Dovers and his men traversed for the first time the 
MacRobertson, Kemp and Enderby Land coasts from the Scullin Monolith to King 
Edward VIII Gulf. They also penetrated inland 160 miles to see ahead of them a 
vast series of ranges which Dovers named the Prince Charles Mountains. 

The following year John Bechervaise and his men succeeded in reaching the 
Prince Charles Mountains 220 miles inland, but the breakdown of their vehicles 
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prevented them from carrying out their ambitious plans to explore these mountains 
for a further 200 miles. They also surveyed and climbed for the first time the 
coastal ranges south-west of Mawson and carried out geological and glaciological 
studies along the coast and immediate hinterland. 

This year Bill Bewsher and his men have already achieved much and the main 
part of their working period is still ahead. With the aid of two aircraft, operated by 
a R.A.A.F. Flight led by Squadron Leader Douglas Leckie, they have surveyed and 
photographed from the air everything within a radius of more than 300 miles from 
Mawson. They have opened up vast interesting regions in Enderby Land never 
before seen and have plotted new and unexpected coastal features, glaciers and 
mountain ranges. Using aircraft as ferries they have landed scientists in remote 
areas hundreds of miles from Mawson to make their observations. Later this summer 
they plan long surface journeys over the Antarctic Plateau using snow vehicles. 

Meanwhile, each year, the Kista Dan pushes in through pack-ice to permit 
ANARE men to make landings and carry out research and exploration along 
coasts never before visited. Such work has now covered 1500 miles of coast, from 
Adelie Land to Enderby Land, most of which has been photographically surveyed 
by the Expedition’s Beaver aircraft. 

With its administrative and field techniques well established, and its scientific 
stations already operating at almost their full strength, the ANARE looks forward 
confidently to the results of its efforts during the International Geophysical Year. 
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ANNUAL REPORT OF THE COUNCIL FOR THE YEAR 1956 

The President and Council present to members of the Society the Annual Report 
And Statement of Receipts and Expenditure for the year 1956. 

The following meetings of the Society were held: 

March 8.—Annual Meeting. The following office-bearers were elected: Presi¬ 
dent, Professor E. S. Hills; Vice-Presidents, Mr. V. G. Anderson, Associate- 
Professor G. W. Leeper; Honorary Treasurer , Mr. L. Adams; Honorary Librarian. 
Associate Professor C. M. Tattam; Honorary Secretary, Mr. E. D. Gill; Members of 
Council, Mr. J. H. Chinner, Mr. P. Crosbie Morrison, Mr. R. T. M. Pescott. 
jMr. E. R. Pitt, Dr. F. L. Stillwell, Dr. D. E. Thomas. 

The following Members of Council continued in office: Mr. W. Baragwanath, 
jMr. D. A. Casey, Capt. J. K. Davis, Professor O. W. Tiegs, Professor J. S. Turner, 
professor Sir Samuel Wadham. 

The Annual Report and Financial Statement for 1955 were read and adopted. 
At the close of the Annual Meeting an Ordinary Meeting was held. Lecture: “A 
jayman’s comments on some forms of land usage in U.S.A.” by Mr. A. D. Butcher. 

April 12.—Lecture: “New uses for wood”, by Dr. A. J. Stamm. 

May 10.—Lecture: “Ions, isotopes and molecules—a survey of recent work on 
jTiass spectroscopy in Australia”, by Dr. J. D. Morrison. 

June 14.—Lecture: “Whirls within whirls. The atmosphere at work”, by Dr. 
C. H. B. Priestley. 

July 12.—Papers: “A brown alga ( Petrospongium rugosum ) new to Aus¬ 
tralia”, by Iona G. MacLennan (Mrs. Christianson), read by title only; “Extra 
pigh tides in Port Phillip Bay, Victoria”, by J. E. Bradley; “The occurrence of 
jisolla filiculoides L. and associated vascular plants in a Melbourne Quaternary 
deposit”, by Suzanne L. Duigan and Isabel C. Cookson; “Cainozoic fossil resin from 
Allandale, Victoria”, a group of papers presented by Professor E. S. Hills; “Fossil 
wood replaced by laumontite from Victoria, Australia”, by E. D. Gill. 

July 25— A Special Meeting was held in conjunction with the Anthropological 
Society of Victoria when Professor K. E. Caster of the University of Cincinatti, 
U.S.A., spoke on “Peru”. 

August 9.—Lecture: “Immunization against poliomyelitis”, by Dr. P. L. 
JJazeley. 

September 13.—Lecture: “Computation”, by Professor T. M. Cherry. 

October 11.—Lecture: “Experimental deformation of minerals at high tem¬ 
perature and pressure”, by Professor F. J. Turner. 

November 8.—Lecture and Demonstration: “Television production techniques”, 
by Mr. F. A. Kempson. The meeting was held at the Royal Melbourne Technical 
College. 

December 13.—Papers: “On some Tertiary spores and pollen grains that 
extend the geological and geographical distribution of living genera”, by Isabel C. 
Cookson; “The geology of the Grey Mare Range in the Snowy Mountains of 
N.S.W.”, by E. den Tex. 

Professor T. M. Cherry and Mr. D. A. Casey were appointed Honorary 
Auditors. 
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During the year five Members, two Country Members, and nine Associates were 
elected. One Member, one Country Member, and four Associates resigned. The 
total membership of the Society at December 31, 1956, was 239. 

The Council deeply regrets the loss by death of one Life Member, three 
Members, and three Associates. 

Edward Henry Chapple was born at Hamilton, Victoria, in 1866. He studied 
at Queen’s College, University of Melbourne, and worked throughout his life as a 
Minister of Religion. As an Honorary Associate in Palaeontology and in Conchology 
of the National Museum of Victoria, he studied the rich local faunas of Tertiary 
Mollusca, and in his later years was interested also in the extant forms. On these 
subjects he published original scientific work. He joined this Society in 1919, and 
died on July 2, 1956. 

Francis Alexander Cudmore spent his early years on the land in the Riverina, 
then served through the First World War. Thereafter he concentrated on what 
proved to be his great life interest—the natural history of the Tertiary Period in 
Australia. He was an enthusiastic collector of fossils, and discovered many species 
new to science. A new genus of Brachiopoda was named after him, and also some 
species. In 1937 he donated his magnificent collection of Tertiary fossils to the 
National Museum of Victoria, where he had been an Honorary Associate in 
Palaeontology since 1931. He joined the Society in 1920, and from 1926 until a few 
years before he died, devoted himself wholeheartedly to the care of the Society’s 
library. As Honorary Librarian he worked long hours in the arduous routine of 
cataloguing and checking, and the Society owes him a great debt for this unselfish 
work. In recognition of these services and of his long association with the Council, 
the Society elected him an Honorary Life Member. He died on July 24, 1956, and 
in his will bequeathed the sum of £5,000 to the Society, the income from which is, 
by his direction, to be used for the time being to pay the salary, or part thereof, of a 
permanent qualified librarian. 

Harold Stewart Elford, b.e., managing director of the Tait Publishing 
Company Ptv. Ltd., Melbourne, died suddenly on May 15, 1956, at the age of 53. 
After graduating from the University of Adelaide and the South Australian School 
of Mines, he held a number of positions of responsibility in industry. During the last 
war he was manager of an explosives factory, and later assistant director of food 
manufacture with Commonwealth Food Control. He was a member of the Australian 
Institute of Mining and Metallurgy, and joined this Society in 1934. 

Walter George Kannuluik, d.sc., died on October 22, 1956, at the age of 61, 
after a long association with the University of Melbourne. He entered the Science 
course in 1913, and returning after the war, completed in 1922 the b.sc. degree with 
Natural Philosophy as major subject. He joined the University staff in 1924, and 
served on it continuously until the onset of his final illness. In 1927 he graduated 
m.sc. with Honours, and in 1934 was awarded the d.sc. degree and shared the Syme 
Prize with L. H. Martin, now Professor of Physics. His first research was on the 
properties of single crystals, but he soon turned his attention to the hot-wire method 
of measuring the thermal conductivity of gases, a subject on which he published many 
papers over a period of some twenty years. During the Second World War he 
combined with his teaching a great deal of work for the Optical Munitions Panel, 
testing optical components and designing optical systems. 

Everard Studley Miller, second son of Sir Edward and Lady Miller, was 
born at Kew, Victoria, in 1886. He was educated at Melbourne Grammar School, 
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and in England at Sandroyd School and Sherborne College. Later, in Australia, he 
was tutored by the late Archibald Strong. He also studied electrical engineering. His 
chief interests, however, were history and archaeology, particularly Egyptology, and 
he built up a large collection of books and record photographs pertaining to these 
subjects. Owing to ill health, he lived a retired life for many years. He died on 
July 5, 1956, and left a large bequest to the National Gallery of Victoria. 

Harold Rigby Samson, m.sc., ph.d., died at Melbourne on August 28, 1954, 
at the age of 29. He graduated at the University of Melbourne, obtaining the m.sc. 
degree for geological work in the Nowa-Nowa area. He later studied the mineralogy 
of manganese ores, then specialized in clay mineralogy at the C.S.I.R.O. Division 
of Industrial Chemistry. His work at Rothamsted on a C.S.I.R.O. scholarship gained 
him the degree of ph.d. from the University of London. On his return to Melbourne 
in 1953, he continued to build up an outstanding reputation for brilliant and original 
thought. His death as the result of an intractable illness brought a career of great 
promise to an untimely end. 

Oscar Werner Tiegs, d.sc., f.r.s., was born on March 12, 1897, in Brisbane, 
and was a graduate of the University of Queensland. He was Lecturer and for a 
time Acting Head of the Zoology Department in the University of Adelaide until 
his appointment in 1926 to Professor Agar’s staff in Melbourne. He succeeded Agar 
as the third Professor of Zoology in the University of Melbourne in 1948. He took 
out his degree of Doctor of Science at the age of 25, and in 1944 was elected a Fellow 
of the Royal Society of London in recognition of his distinguished research on insect 
metamorphosis and embryology. He was an authority on the ancestry of insects, but 
his major interest in recent years was in the fine structure of their voluntary muscle 
fibres. He published 61 scientific papers, many of them authoritative monographs 
illustrated by his own beautiful drawings. He was one of the most distinguished 
scientists in Australia, a zoologist of world rank, and a most valued member of the 
Royal Society of Victoria. Tiegs was a man of great integrity and untiring industry 
who was rarely found outside his laboratory. He avoided all unnecessary committee 
and administrative work, and was content to concentrate all his powers on his 
teaching and research. In this way he added greatly to the reputation of his own 
university. It is especially pleasant to recall that the Royal Society of Victoria was 
one of the organizations outside the University which claimed his loyalty. He joined 
the Society in 1925, and from 1943 was an active member of the Council, latterly 
acting as Chairman of the Library Committee. IJe died on November 5, 1956. 

Attendances at Council meetings were as follows: Mr. Adams, 8; Mr. Anderson, 
10; Mr. Baragwanath, 9; Mr. Casey, 9; Mr. Chinner, 5; Capt. Davis, 7; Mr. Gill, 
10; Professor Hills, 9; Associate-Professor Leeper, 8; Mr. Morrison, 8; Mr. 
Pescott, 4; Mr. Pitt, 2; Dr. Stillwell, 10; Associate-Professor Tattam, 7; Dr. 
Thomas, 10; Professor Turner, 2; Professor Sir Samuel Wadham, 3; the late 
Professor Tiegs, 2. 

During the year 2,416 volumes and parts were added to the Library.. 

To assist the Honorary Secretary, Dr. F. L. Stillwell performed the duties of 
Honorary Editor. 

The outstanding event of the year was the visit to the Society of H.R.H. the 
Duke of Edinburgh on December 3, 1956. His Royal Highness opened a symposium 
on “Australia’s Part in the International Geophysical Year in Antarctica”, to which 
Professor Marcus Oliphant, Professor Sir Douglas Mawson, Dr. D. F. Martyn, and 
Mr. P. G. Law also contributed. The Symposium was chaired by the President of the 
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Society, Professor E. S. Hills. Following the Symposium, His Royal Highness 
held an Investiture, at which the Queen’s Polar Medal was presented to a number of 
Australian members of recent Antarctic Expeditions. 

HONORARY TREASURER’S REPORT 

The year finished with a credit balance of £402/11/10 and all outstanding 
accounts are paid. It should be observed that despite the sum of £1,210/7/5 being 
contributed towards the cost of publishing Papers, the cash balance increased by only 
£168/5/10. It should further be noticed that only £49/11/6 was spent on repairs, 
maintenance and equipment, although the year was one in which we received a' 
Royal visit. 

From these observations it can be concluded that the income of the Society is 
not sufficient to adequately balance its requirements with regard to maintaining its 
responsibilities, and this despite great economy by its officers. 

It is suggested that the establishment of an income earning fund should be made 
a definite long term object, despite hardships that may be caused in the immediate 
future. 

The Society again expresses its appreciation of the action of the State Govern¬ 
ment by maintaining its annual grant of £500 to the Society. The Council desires to 
record its thanks to many other donors who have made gifts to the Society, especially 
those assisting the Antarctic Symposium. 
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Expenditure .2,105 18 7 

Balance at Bank, 31/12/56 .£402 11 10 
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